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/J5 W-5 S < r- 



sJlUJi ij-Avoj^Ji iw-ijjjij v^J=Ji ^jIj-JlA-i i_jij4-i k_. >t^Ji ijj* Jji^u 

^Ja^'^l 4— IjjJl ^ i-^>!l ti*^^ ^rij-^ 1 SJIyti-l i_^£il ^ £W»L> 

. v^Jail iilyJ^I o^UdJ J5 ^y 4,. ^ ,/x-kdl <c~.l -p ^i a^JjJI 

•y. dLii JL5t £° ti-j^JJ! LJI^^JL! -L-jJI U^i-IjA V-^J f^aJlj **U^I 

^L-U-JL iJy l^ 1 W- jV^J iJLUl J >"^ Jl5 ^ ^ ! ^^ J ^' 
l^s5Lsa>-j.*JiJ\ p-J»U* ^.-^ J-3a3I l-i* f=-«i <^-&j tU^>Jrl ^ V4^ 

U-L-^j 3_ib^ll L^I^U v^>jMi Sj — ^iJI JJh Jw 4—Lpj L5 ^^ 1 w*j^ 
^^\ *. L^ AfLSl ol^ikllj l^L-lj W^> ^c-^ 0-* Vj^ ^ 1 
~k^ JlS^f ^ JuJuJl j-Jt J v^ j^l<ili V j^ 1 C 1 ^ 1 ^--^ ^^ 

oLLJlj > />M jJa- JJ^J «>lj* - vUUl J^aJI «> ^P E 1 ^ 
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pA\j <d>-b JSJisi\ J^lj_Pj JU-L-Jl /.UaJ! A_^l_,Jb J^a-JJl IJU> ^^f-^J J 
wi">UJl oUjSlo 5 — -I -p J*>U- -y lSjUJI ci!>LjJl _ *JJ\ J*oaJI JjUxij 

^1 Ajp~*> Ml JU>- 'yi SjljA-l Jliolj S^jMl iiUaJl jlj~« i«.ljjj «u5jjj i^jW 
Olj-ll J^ OUNl _/ j ci-^pbwiMl olUL ^aij ^Ul «Li%^ t j. .Wall 

4jj— >- Cjlj^iUi -j^ L_4j iiJjJ L_«j rLijJlj J^-\ <_$* 4_jji»jJl <L*lj.Sj i^jlj-J-l 
CjLLa-_^il ^ J-5 (> ^Ul ei^UJl JL— .1 -p _ ~AJ-\ Jva—ill JjUly 

^JtjUJl a ^IjjJL. JjLl-J - cjb53l 11* ^ j^-^lj ^Ul J.,* ...il\ Ul 

Lgjljji ^ A. ,_>.....* jj I Oj^sbjJ U Lpjj i_jLvaij <L*Ij.jj 4jJjj*j J^A-j>- Jy i_s_^J-l 
pJiJ A_^ljOjlj Uaj! Jj^L? 'i>-^-J S^J *Ulj 0j>JjS3l ^j t^yijMl ^Jsl^ 

JS^iJl ^i^. ^ ^aSUasij cL^lj^j Lfoj-^> v^>- j* Ecosystems fcJl 

Ajjdl Jy. JS3 Aj.,.sAa.T L-ljJlj J-^fl-iil l-i* (jr^iJ • hj~-\ UjvsLp (jS ^Jlj 

. i^JJl ijuJl jJiJl ^ V^SjJl j^loJl U^jL^L oUlj 
. ^JjJl CUwaP / ilW-l IjjS^Lo L^o j-S"Vl iJjJl p-ji f U i^.j^J 

. i_jIxS3I j£\ ^ i«LgJl oUjLdij 

. ijjjjjl SJIjicLl 



Ut^l 
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ol_^ IjJiU 5.. .; :JL a_j>U iAy\ S_x_^. lfX_« tiSUaJl -yi f-jj-jl «JLp .!_=»- jj 

C5^ -A)"* <_T^ W*- 4 "-r^'j^"' ivaUi-j A-. ; i». ;; laH AiJI Jjl£> ^1 4 : » ..Jill A^l^jJLi 

. iib^il l^k,.V.tj itj-iJl ol*Ai>e!l jjaii Jtej OL^Nl 

^ ^j^ oL-JNl jl S-jt_JaJl oUu_>Jl J^aj f-lj^ t _ s ^Jl j?-*^ <jr*iJ 
O-eJj-l Oj^-^il <*«-* ^ JbN -uU ^ j^j . jA J\ J£J> ^ energy iilUl 

IfJISwIj isliaJI ^ysSUa^- ^^j *Ij O? iib»*il *~-~Jl p-^J V*^l Ui^JJ 

SJjJ *Ul»Jl ju ^^U jjltf concept /-j^i* W^J ^^ ^ ^^-^ ^Uai^j 

: ^tf LJall UlyJul ^j J\ ASUaJI ^Ijil ^1 : 2SUJI £lji1 -1 
: Solar Energy I .,..„« All «UJl - ^ 

_p«j ^j^l J.- -fr- 1 ? electromagnetic radiation i^.Js.U^jj^-5 i*JHS" ^^^^Jl 



- IQg^^ 



\© 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



ijUii u^aji v^ 1 '-^j i ^-JJJ J&m ^ujiNi ^ \ ...,.••,■•■/ \ 

• Sji jj-ij * -^Ij ^ ^ <y 

0) ^u»j/U.U jt Uj/^iL; ^US ji\ Lf^r Jj^ V^ ^^ ^-^"i 

J,\ J-a; ^Jl ,y> Sjr^lj'Sjr*^ ol> rJ <iu-jP> c^U-^j iLji" oU-_^ J) 

Jl i*-lVl oJLa ^ >jJ~^° *Jfr J-^ij <r) L5jWl J!*iJl ,^-1*1 OjjjNl **J» 

^^ Jjtt v>UJ.I ol>- r ^ LfrJU ^^JtJb iijUlL ^j^j j-^ 1 W^r^" 

. V^JtJl A*jft» -y. JSl 4*U* Jp Ujj Oj 

: Chemical Energy JujU-£M yikJl _ X 

s^a\ (r) olyi- 5*jU-£Jl bonds .U jjl forces ^y ^ iiUJI •!* £^" 

. tfUJl l$> jlkJ pJaj*S UJU^j j^jui l^~ oljiJl Jajjl jA\j 

: Gravitational Enegy ^J^-l «U» _ T 

^ a- ^ ! o^ 1 ^ ^ ^ UJ1 ^^ Jt>Uj ^ ^ ^ 

. ^ ^ jij J-V J^ V^ ^ Vrr^-. 



.^jiii ^ \ / \ . ■ • - um jVj/ai jl oj>ai o) 



i-UV, ^ULl .jj-l J J^^ili /-" -»j- <« 



iJUJl oUj^>l ,y ^ ^ a- '^ ^^"^ ^.f /^' jf-. 1 : ^ (V) 



\"\ 
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Sji itflj (m) <ck£ *» iw^xbxj 4iU» <d (j^jNl ?«Jsu« (iji aJL *-~>- (^1 l>| vi*^- 
. (h) j>«Jl «Ja^ Jjjj L^UjjIj force of gravity (g) ioiU-l 

. (Ep = m x g x h) j~J\ 
: Kinetic Energy *^>l olUl - t 

r-lj^*Vl iij^j v^r 1 •W'l ■> y^J 4kj>dl cjIjLxJIj A>^Ij mudflow t _ 5 xJaJl 
dUS^/l J^U- -^ JI4JLI Jjbj J^Jl J^ SjiLS jj5ij i5>- <SUs dJLbi UglS" 

: aJIJI wIjJI SJiUll ,y ^5^-1 SSUaJI Jlkj 

Ek = -y- mv 2 

. mass <i^3l m ,^-Jj velocity apj^JI ^^ V Oj. <t^s>~ 

: ojl>l Uiyi . o 

motion of iM ^j obji-l "<Sj>- y> «^oj Iw3 aSUsJI ^IjjI Jil a*j" 
o&j>- i-S'js- -jp 5^Ul v^-' ^^ a* 5 j^- p c5* -^ cj^ J 1 molecules 

^Jl ^ iiUaJJ ILU Sjj^ill JtSwVl ^S3j thunder storms iu^ 1 <Ji^a\j*]\ 
jJLsLI ^ v^^ 11 oLJ^Jb L^xJ^j J_p«_Jl Jl5LiM ilL^I ^j^ 
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: Photo Synthessis i JjJai\ J~3 aJUj* - S 

.U~\ 
. aj Aji. (5JJI oLJl *>->• v^ 5 *" l*^ ^"^^ ^^ v-Al^-j 

. (i^^Jl 5SUJ0 2L~*-iM **^ <>« W^- 1 c> c^J^ 1 J=^ 
cDJi ^vi^- U5 Jujlj*- Lilt Jl L_^_Ji a\UJ d/ iiU» dlliS 

: a^isai asiwi ob - ^isai j*iJi - y 

^p jas-j iSO «JU t W^ 1 ^W 1 ,y ^^ Wj '-j^^ ^^ -^ 

j) ~WJ\ J* ^Vl r U>-bU ^jVl &£ v i^ ,> 5tl— -j -ui~-j Lr ^-iJI 

f j^ <>" L.U UiAl ^ JUjJUl c^J ^^ "^ p*^ ^ C?^-» 

. SJUl jjkJl ,y ^«V ^ gravity oiUU 



\A 



^i 
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work of a ^Ji J^ju <Jyu U i^JaJl ^>\y±-\ ,J -^ J&l J~— J^ 

p-» <&j£ JtA_>- j^xli ja ol5 5iU» Jui _ 4_»jJl j^ ^^y^; - *j i waiil ■> river 

ill$o>-Ml Jjii) iji_Jll L^Jv« fji-lj AjS'^p- aSU» fjl Jj-j^o iljJull SiUaJi 1 _ > o*j 

^1. Jj)>tX— J j~S j$j ^ 0_)-^>«j Oi (j^*i cS-^'j 5i«wl 5iUaJl .AS Li >la (_5jU«jo 

. (JWI Jvill (jj-~J ijf" ■ ;XJ J 

dlii ^x^ui i^jS^t ^Jl iiXj <_jbSGl (•!**_* j L> li^i tv^-s&l ^1 (Sj^ ~*y f*j. 

Cy Cj^Jjt^J Jjry^r^ tj^*i i ~x~* i , cij-^-l u^* £ ' (J-*-* 1 u^* - iy iSUa cJJb cfJu! 

, <_>b>j| *iy dl*— >■ ,J «j _£>t* 43U9 C-j«Jt>cl«*l viJW L<aJ viiii ,<1*j t iiU— >■ 



: LkAjLio ,v*Ia Sjty>\ T^y. Jlill IJla 
ot <_$! t JjiJ.1 J^-jJI V-*^ (^ ti-J^*-^ £-"^1 iilkil ^ J-JLaJl (1)1 _ I 

. chemical energy ajjU^JI isLkil 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 






SiJijCU 



UJ Jiua <ojd>. J>-b iw^j ,_ya5Ui>- ctj^ j^ ejisi |»lk; ^1 ^j 

(White, L.D, etal, 1984, pp9 - 10.) Jb 

jl atoms oljlll Jju aljll ^ £1^1 J Jio"j : ^IkU fcj&l^bJl _ ! 
tol;Ul j! Jail ol>ij J^ll oL_>- Jju L>*^ ^1 fL^-Vl jT tobjJLl 



ejljJ-l i>--p jl <l)jjJl jl la.*., ya.il j! *^«i-li n_JjUx_x)l jl oLm»LSJD L$— gL^aM 

Jlp 0j\ji-\ h^-ji tj^? J~" ^Jbx* ^L-lC Igijl&aj l$J *J -Aj^ jj50»j <Jji3\j 

. l^Usu J>-b ^bJl iw*Jjj" j! i^UaJ ->Jb£ ^1 il^UJl 
lg rS^a l$J 2:. .* jjJb- Js-b __ r />toJl i_P_j*>=-o <ul_> /»UaJl i_ Ojyu ji\*j liUi 

*lkJl jj^- ^_p fc-*^. oNU- J UJ1 — SxJl dUi^j energy tfU» j! materials 

. <*J| } <0 



,jU>)ll JJb^Jl wJLl J^U ^ oU-^Jl oJU ^LS pX, (*) 
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Types of systems : ^JaJLTf £f$j| 
: Isolated - System J_ydl *UaJi _ 1 

(5 J _>-'Vl ioJajMl ^j -Cjj JpLJj jl CjLS'>U -L-?-jj "^ ^AJl *UaJl jJ»j 
Ojj>-j /r^-*J ii~_5- <u*«Jajl 4_ Ljl ^9 *Uaj| Id* ^j> wL_>-jj j/j iOj-Ls- £-jl>- 

. thermo dynamics hj\ J~\ oLSL»L>jJl ^Ia* jjjJs^j Jbi>cJ J**II ,_,» Jaii 

: Closed - System JiSlI aU&JI - ^ 

*UaJl .ijJi>- _ r -e- iilkJl Jjl—J aJ")^ j^a ,jSUj vJL^s- Ltj«l Jaull _ r -iSl 

: Open - System rjial! AlkJl _ _>■ 

/•UaJl Jj-b- ^ Aj _po Jl&o^l AlLSaJlj oilil jyi J5 «JaX««j *JaJl oJu*. ^i 

4ioL5 ajjU-^JT asUs (^l-* iljll iSy—^ l ~^- J> " ^^J JL-2-Joi cJjJl jj-ii ,y 

. potential energy 

rt-^ij (,/»UaJl ijJU^- J^-b (fill) S^lil ^y> oL-^o—S" J_>-jj SjjJJI oJ-ft ^y 

JtA>-j pUkJ! jj-b- ?-jl>- (j^ f-J^t iol* 4_~~w iiUs> J^U- ^ <d>-ta SjjjJl 

t^bdl ^y^-^ljjJU^Jl *llajl ^ ~*jz& ^J^ ^^>- ^Jll *J <^>_y> <_$-XJl f^D^ 
t Jil>^> 4~X*j Olj^ J^U- dee CapS 4jJuL>- ol*UaP ^1 oUa->d.l J* SjjX>J.I 

4 ix>li oJij ^j^l p^ (^ «L-Jd aJSDI 4-^531 Oji o!_ r -Jdl si* JS" *^jj 
. ( ^ JSCi) ^b JSCiu UJjw jt }Ui. flkJi ^io ^ -^j 

AS tAj^jJl iwaj_^sA-Xjl (j^^J^'J ^jr^^J ^tUol 1 — jX« "UwjJj <ut«l t4 . _«...lall 
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,,.J>Ul f USdl_1 




jUll f (JaJI 



c^'f' 



IfcJI. 




r^il^t 



r_j^i« pUs^ <jj&i\ i-i^^dl ^j 9 " — 3 



Mj J*a 

,..g.4" ^ IjjtS" UJupLJ j! -^Uj is-jXill *iaJL. ikj^ eP^r" kujt -^SJ 

JA\ «L. ,y j-^ *j*-j i&jt oUv r oli «U» J-O ^ t^ £>*J ,>jMl 
^ ^A\ x* & ^jJ^ ij^? fU^, LJJI fi UI ^ jL^Ml J\ Jk ,J\ 



YY 



_y^l 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



■y outputs cAj>-J>1\j inputs otA_>-ail ^ d)j!jJ ii\* vl>a_>o M _ Y 

JL9 j^Jj (t>UU j4_J1 jt ^-.1 jf f jj cbL>-) ^jmaL-II cSOll JL* Sililj iiLkll 

tf iJ-i}\ *jJjJ-\ iiUaJi o\ ^ jw.ij g-^i o^ 1 ^ 1 0-° J 5 1> - r 

^j ^ jUJl o^UJ! Jl oUll ,y f IkJl ,y c ^" >■! Jl £> y tfUJI Jy* 

ul Nl 5_^.j_xill . lV.ll Jl ol£Jl AJlkll y o*>L^Ail oLJ ^j _ * 
io^iJl.S^jjp heat energy *jj\j>~ iaUs *t£J <*s^' l*~* ^^ VW^ ! oN_^>dl 
. lo^- bjjb*. bj& ioUJl o.l£J! AiUaJl JM>- ^ JjJLil jl^JL-I o! krjoJ 

: System boundaries ^ ULLtt j^jh* 

ijJb- J>-b Sililj i-JUaJl aS>-J ^Ij fUaJl 0^ °^lj *»^l «J->W ^.r*" 
JSdj aJL^j flkJl fU> i-i-* *^iJ Ja2i ijij ^ ol—UJl »I* Ji* c4j"b ^UixJl 

._.j t ,,. rt" fj^y jt Sj-Ji^ ijlp jt l^->- i-b^« aUo^ olj~>*_Jl dUi Jli» 

UUt -u saULIj aUJl *S >■ at j^ - Jlsll J~- ^ - j*x!l ^j^- ,yi 
water *Llt ,, ■,"»" jkL-" a* J^.^ »JjJb- ^ Ut down stream u_waii »UL. 
i^Lir ^j±-\ J>-!a J-ib^il JlJIjjJI ^"j tilj-j*- UJi^-^ ^ jJl sheds 

. ^^Jl f lkJl J^b v^J 1 ^^ 
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: Equilibrium fUaUf Jj.fi $\*2J\ 

^J^b ^LscJaJl i^JjUijil jt^ij ^ U^*oJfct U^J CjUjIjJI {ja O^-jj -terjiJ 

. f lkM 
: Steady state equilibrium c-jU)I u j' >JI - ^ 

j^y OjJ-^>«il ^yU' dJJi J^iaj c ■j «_)3\ /u> />UaJl J^b 0>l£Jl 5_iUaJl OjJ-^>t— • 

: Dynamic equilibrium ( jZ~*\x i J}\ i>j\jd\ - Y 

<_9*5Uil J^-Juj S_ r - : >JI ^a- iijS l_* Lib *M 0&j»- Jlill J_^ ^ 
JJajj ^jUJl o!>UJl jl «j->-JU ^1 ^U>> c>° ^ ^ ^ t/ ^ U °-^- 



Yl 



y® 
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Lithosphere 
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outlayer ,-^jbU iL-^-jUl-l ii_JaJl j\ tiJu^Jl h-^aj^l s^-Ia!! <u X-^Ou 

. (oljUJl jJa-t) 5-uU £kJ J^i ^ JO 

continental shields 4_Ju<aJl 3-j jLiJl gjjJJl Ji-* 'oljL-sJi ^-^ J* 'U-— 
Ji. U^l ^Ij^Ml £li <>• jT col^y-531 «jV$l uxJl JLLi-l J^^Ulj 

. tpLgJl .k>*il} t^J^-M V^J (J***^ V 3 -^^' **^"' 

■^ U sima U^Jlj sial JLJl l-^ x a-la . > 5-*- jU-l 2^^l dlw j-jlji-j 

. Juu Li <-UL5i g.yfl.:.>^ US' ^jbU UsMaJi cij^liJl 

JLp L.U ^L-Sjdl Ujj-v^j ^jbU aJU^-IjJI objScJI -jp ba^^ -Ui~ 
JJL-rJ ^1 sesimic waves VlW oLs-jil J U>aI Ji^-jj o^L* j-s- *1A 

J">1>- ijisL i\jA y ^jVl jJa- J} Jvaj L-i liJJIS'j c^jMl jjpw? J^U- 

. vlcanic explosions SJlS^Jl oljUiiMlj lava eruptions SJ!>U! £j>^ 
.(Y) JSLi U^k, ^Jlj ^jMl jtL olijS^j ^U^ 

m 
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-. IS 



■?J>- j fl ■,»?■'> " jJiJ^ ' 




IffllB rjih tit f mi 



dl. 




(r) (oij J-S-Jjj 



Wi/ < ^^ w a* jj^jjs tinner core 

l*-l* jlk> dUJLlj tj£dij jujJ-I 
IjUaiAl nife UA.UI oL. j& UL-s-t 

^dl <JljJjJl oU_*JJ 4.JUI Z*jJ>\ 
(^IjVl y Jit L^jlj-^- outer core 

a 



t V-^j^i L^iLiS' ^j Jit L s^j! jy>j 

. (J~«Y , d ••)*££•• • Aij dLw liquid ferro nickl ibL. 

. X*Ju^.\ 4-PjJl itliS^I oli (-v^f • • • ) 5j_pwaJl iljll ,y 4-SLw. 

Lc JaJjJ ^ _>b^ L>>jl-i-l Sj-iiJl If) ^yfjxS ^i\ olS'j-J-l ot a«1jJIj 
"Uu^i; t_S-J-Slj AxJaJl oJl^J lJjJiajI *J-J*-I «U*>l>-j oUjityal ■y" JxJU.1 4JLls> i_jlto 
t_) jV^Jl *JU ^J. 4_~-J (( y'j^ )) "^»H t_$*—~d j*i— » jJ^j Jw> jLUl S_ / _JLaJl ■yi 

S_ / JLll] a-^jJUj (Gardner, J. S, 1977, p 425) jizJjjjAj-* ^^L-ji-jJl 
(_JL_^L-| (jlsbji i LfSU v ilijj Lj^j t^iLgJl k„. ; -*J.l iv?L_j>-j oL^^xil oL*_j 
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•ffi dili jc-^-j Vt-^ p-**J c ' ee P sea trenches iJL*p kj-^i ^^ j ^r**- 

b£Jli ciobJl L^*iiJj l$jUy£» ^ \j~S \j>^h>-\ [ajj>*^ t-ibiJ i 1 !^ i^j^joJI 
(_,laju oils' ojj ciJsuaJtl ^Ij^-'Vl oU^J ^jIp l$iLi£ol £o CjIjUJI JjL-1 Ujj 

L^-^W.1 ,^3^ <bjl-J» qA rt+iC—i t\£ ^j Ml tiJju* /»liixj| /»JjJ A—^jJLij 

JL_>o o-^^il i_«i jAj i-^jMl Sj — JLaJL *'j->r ^yLe-i 01 X>cj> t*-^ oL-xLl 

Jos UwCj^ iJjLilljj (*JLi TA • • • ) j_*tJ j! Ij-x-« U o n aJujj mindinao 
JL* ^.jUdl JjLiJl jL* (^L. Y"U • ) j\ ju, ^S inA jL t^JUl ^j^l 

l+p\-J-\ jliJl <-f>-j <y j^-jS 1 oL»i <*J dilS *^j jls" ojj t^jMl tlU—^ -yi 

; jdjYI ftjjuUI j j-» .< rt 

oUjlxj: Li si Lg-Jj^J JtaJii ^j^J taj ; -_5' ^*jm ^j j/I SjJLa! iijSvll :>lj^l) 

. 6^1 oly ^Ul ^jMl «kJ (.Ul J£a)I J^" oly-LUj 

uLwjNl oLUL—JLJ ^j A^oJlyT." 1,1 />Li-l ilj^ll ljJL_vx« LAjl jjpx_vaJI -Ujj 

JjA— »-Ij 4 Jjj JSot jj it sAJu * Jiii « ij> -«-J >J l5^Ji (t->« — "J! Ji — « <( — ail_pJ.I 

_)UJlj JjjXJu IjJ m±* L^JjS - i^-Jb>- J[ lAjjL><Jji 0i\ nil /y> Lftj^J f Jj^ 1 jp jlj 

U ^jNl «Ja^ ^^ip ijLJl oLJ-l ^Lul ^jAj ^J^' 0l U^jI (_j~-^ "^J t i_y ,l ^ :L '^ 

, <UiX>ill jj>T.,f7ll /jJl Oiuil Sjj^tv£> CJUjSv« 4 J j-A 






Y4 
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h.jr** x* J> ] organic materials l>yM alj^. L.} J>J% K£\\ al^Llj 

. inorganic 

iLj.Jow {j» dj&j <-J^a Aja-Js fl~>-l -^P S jL^ AJaL^ jj^waJLi Uj^Pj 

>w> J5Jj cSJjLiu. c-~^ dUij Oa_ju) -^ jlSt ,y Jljp-Ml vJU-t ^yj/Jlvlj 

■ ij^ <5j«»»S *-f-£j> i_j^^J t^* , ^ /w < -r^J' 

t 4j j_*A_*Jl j--Pj V j"" A * ll iljll J5 ,j-.l — A 4jj\-^SS\ j-vabJl JL_wj* 

^)_jj^v3 ^ LjL*i\ Ji^J ^yJlj Sj— ^2-U iij-Xll "L^jjl jj^a]\ OjSvXjj l^yijijl 

<_J^>^>- /j-* jj^Oj <Ujlx)l jj_?«-^aJ^ 'djjk 4j!^£j <ijj— *ll j_pt-*aJl d)j5coj 
t3_>-» jt o j -JtJtJl J>-b ^lj_«> £j g .,<v.U iljll solidification i^JLva: jl jjL-S 

5Ja^ljj Sjjj^^aJl oL~J-l i»^^«jj i±jjJ_>» ■jp stJCj ioj^jJI jj>wi3Ij t L^Ja^ 

^^ (Iji>- J-Jo -jjls) colloids objjP ^ Lf«^-j- ^ oLwJ-1 ^jljSj 
jl5j t jy^att fcj£. lithified y^>^ j\ dL-Us boulders J^^j J^jj 0d> 

C^^bLJl j\ -Luwill jl AAiljll lj\J-\ J*-i> A^j-^lj ^L>UI j>v-waJl J j^" 

_ l^Jjj *)i £. - S-jj-JI j>-^Jl Ol -A-fi jUi^Nl d^ yj iJai-i '/.o -p^ 

ij^^jdl oLU-p yt Jlp ^ ^ oU^JJ oU-^ o- ^-^^ oL " , — ' ^ J 
pSj JbJl JjJ^r! OkW ' t ^r-i J1 -' C ^ J| ol ^ c*» ^J^ iiiStil L "^ xJlj 
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IjUJI ?rla.w J-a AiliJtll jj2%*sal\ -ukij U £~sJ ( \ ) dj->>- 






/A 



£Jjlj 



/f 






«# 



/ u 






/ u 



JLaJLJIj 






<b>-L_^ -y> -vJip'i/l t-'j— >"l (JaJ" '4— ij"^^' J.P' — '* a ^ ^ **■*"* f'-^-i *-^r > " 

. jatt y.r cJjUij y.\6'jaiu 

l~~-3j\ jj^waJU ikjj.1 ^Lya-iJJ jUoi iJLtJl iLLaJl oL^^aJl ^ij 

. iikjJil \^t-\jj\j Lf!j5o oLS"j jS'JJl AiL- 
Igneous Rocks : <u^LUI j j * . «i H tf$l 



oUJ* J^-b magma ^ jLJl j: g,/?ll i~. -l. s aj ^y 5jjbJ! jj-JwsJl cJj& 

S,\y> {j& ojLp _ U>Ul j! Uj>-U.Ij t-ij*J La jl _ jjfs-Jl IJ-*J lOjwiJl ^ i_i«^l 
.i^j'Jl SjAaJI eL^b (Jxllil iiJs -jJ" <LoLS e__ r j-^Cw« V**-*-* 

JLxJlj Uj^Ll Jjla_» (Jut jJjj -^jf^l Ja*»i t <d <~_>-Ls_i! oljUJl fjJ ^j 

j gUll jb^tj i_-*_>«J olj^LJl "y 4_JL>- l)j->o J-i j! oljjlJl 4 . 4; . h jjz-^0 

dj& 4jL> (oL_jJ-l l y^-) c-Jl^i-l 0j£> t^JJi J; ^.,^11 U c glassy tyrLrjJl 
t _ y Lc- S^^JXaJI ,_^ oJL*j (JUpI JUc- i_ r _ J j ^^SJ ,j-XwJt "_y> >-«M Ml oI^^Ip (3^~«»l ^ 
oljUJl JJS ^j^-^ ^ o_jSi (iJJl OUJLws.jjMlj iyL?^Jl ^U-jJl ^ JU-I ^Ss- 
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'. jJJ Ljj »>vJ-w>jl *X~*£\ 2y>~j 4**«iJ bt«j AjjUJ! j j>t*jaj\ ft^JCj 

l^jUI j^-vaJl i^j L* li^» texture ^j^w^Jl L^^-J <~~~5~j tlfcjA 1 £»j* t-~~ >• 
^>wa5 coarse granite ^-S- oJl^>- villi ^ gfV* js-j^ J*-* 1 l^J *^ 
^>jji}{j j\ «iiJl (Jlp ^ U lij, 4JU- ^ U cS_JL>— <3L*-^ -^ 0j& c^-A^ 
f^—^> Ji* fine grained oL-J-l <*—*■ U ■> j>>«-^ -up g^-iJ £j—1 3j_*» <^ *> 

_,ywaJl jy pumice uMAA >w ajuj (.cJjUl ^-^ J^J t>=rW-J j^-Aj 
l«_^U^ c r *1 J-ij ^kJI e> &>ji J^\ L^^-NI jl porous L*U.\ 

^ jL^JUJl ^ Oj&y gabbro *jy,^-\ iApLUI i,UI j>~^l! ^j 
cciLuU^I sjbJLS UjJi oljjL ji y>j ^ jblj^ 1 'L^ £? uA^ 1 o^ 
^ ^1 a_~*5j joljSJl ^ J^ <> ^S-~- ^ andesite **^-3 J "■ x:,S ' , -' 



SL ,, uli ^j ^ f uii 3J, ak. js. >idi u^ J *~ J 1 j&> -^ ^ ^ 
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prophyry tS^j^JI j\ ^jj^Ij^)!! <3U«_Jl ik^jJI jj-^ai\ y>j 



Sedimentary Rocks A.u<),uijJ1 jj -n »t% 11 : LJG 

J^v« 4_ikiJJ Lj5L_«— L *^j^j3l jj-^s<aJlj sediments <w~*<lj^l ^yJaiJ 

iijjoJlj 4jj>*_xS| CjUlojJ ^jjl^Jl p-bJl A^ljJl ^ Jii A_jjj*-jJl j jiwdlj 

^Ul Jj-bi-l t^jjj . V^j"^' ilj^JJ redeposition i_*~~»jxJl oU-l jl*j SiJb^il 

5-_^JU -J_JU "\ • ■ ,y> jS\ ^J\ aaj-SoJ! JL^JUaSI oLwJ- , • Y y Jit ^j U 

.boulders ju^I jliaSM 

"ws—lj^l ^ oLjJLl fb*>-l (Y) JjJi*' 



^ \'-x 


»Uoa» 


^ W- V 


a-* 


r v '^j^ 


**** 


r--, e -y 


cH«^J^j 


f- *^-*,« 


Jauiji* J«j 


fj-'.^ 


|*«U J4j 


f- • » Y ,>• J 51 


CJ« 




JUU- 



JaJjj Strata oUJa J£-i ^ U>Oj_>-_) ioj^i^Jl jjj*^ai\ j-~*j U /t-*tj 

JS j-_-x ^5Uj <i-~>%j tt-^w-jill oLJUj. £*. -,.._]? j i-ij^aj stratum ioJs> J5 
UjUwPj t bedding plane JUaiiNl tJsu- j! iJLk!l «Ja~j oyu U ^^-^-Ml jp 



„r-: ~~11 t lfe = 



rr 
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k^j^J u^*Jl U-**~ 6y 4«l=u cj\aA» J£i ^ i-jj-.jJl j>w^aJ! «-»— j3 
^O^j JiijXJl fOp .Ul ti5ilji* oUJ* t$jf ii^>- L^JLp jik, ^^uJl i^euu jco 

• (^V ^y '^V t ( _ J ik V 9>i wU>-!) «i)^b-t c5j>-ij i«jJi jj^wa -jji 

111* fossils oLj-jL>- Jl* *L s 5l > ^^L ^JUiS" a^j— -> j>wail >-*£ 
JS\ 3 v-~-.jdl oljtJ Jt>U ^^ cJlS 1 jdl v'j^ 1 J^ VM 1 *\?*£ ^^ 

• ^jjl! ?da** jjiajj iooJlill A^JaJl AlJl t-ijjt Jp lUj 1*jj-*J 

*lil *^ JpLidlj k_— Ijjil ,*Jio SiUJ, j\ £-UJuNl JIp J.o.-.-tl ^1 lithification 
t^— .IjjJl ^.Ixn— » ^ kiU-ji compactness dJL<U_Jl j! j-UaJ^I aJu-jJ 

*c« oL5\j| »mI$j je^JaJl j^*-! &J&J <i^*- I— 4 J *< l ^ Jl (j^^- 4 J^-J O^J**^ '*•**"* 
2juhl« A^Js o U JaJ j*^-^ v^-r' ^^J-** J"^ - i>° L-.L-! Jai^iil JLj 

l ytLJ ^l &}-j tiJLilj squizing _ /S a_*JI Jj^ ^p «Lll jtJj-^ ^ til—L_*Jl 
c.. : . 11531 Jiu U>-N e^t. ij>-j J>U- "y ^ j>*^\ *ia^\jj Oj£Jl Ul 

u^lj^L *>yrjL\ .L-LI ^ JpU^" JbJLJ-l U~tfj OiO-J-l oUjj/j >"jl j^Jlj 

s^Mlj conglomerates viUUJl jl ^^Jl jjjJ-l ^%" XJU- ^ ^a^ Uli« 
^j i^Jl wjMl £jU^ J^ jt J>iyiJl ^ kl_e V^-r 1 ^^ J, J^ L^*ri 



Jk-jK cJL, J-*u > JJj »U^ Si_j» ,> a^y M Jl ^ c?"-^ "^ J -> iw ' ^ 7- ° ^'-^ 



Ti 



~y$& 
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v±UL_«aJ! tf> Uih-J^j breccia L— i-j^Ji oL-j^Si dDiSj tL^su-All %y\J-\ 
te l^JtA-^ oJtol jl\ UUtl j^lJ S^3 J>\j SiU-l UjjJl oli L^L-** _ 

aLj ^Js- 1_~.LJ JUX*! ^^waJl <ww5jJlj j>x_>«xl! oLUej ioj-oi^l j_pwJl 

y jj£j li^p- UL.I c- 11531 0Ju» ^- tij&ij organic limstone ^j-a«JI 

. \aJ>j 5JUj.>Ij J^Jl *L*-Vl J5U U* 

y>j Tufa U^kJl jl t$jU-£Jl tSj-JU >>J-I lS^^' ^jrV 1 j^^ 1 a* J 
,_j^g53i J>-b jl f;>b--Jl olo Jj_p- «-»-» y ^yL** o^lil £?'-' cSj^- _r J ^ > ' 
Jij c ilsb jl stalagmites ii _jU jt stalactites UpU> JJ*pI J&i ^ <ul~._,1£JI 
. travertine "j^yl^Jl ^L. ^ «-»yvjj <-» ■■h^I VAA> s^L^ ^^ -^ 

: 3-jj^.^I j^iu^all k.-jS'lyj J\iwl 

*oUJs» jjj Ujj_p-j o y* )\ jj>waJi J-^*j L« (*-»t : Jil-JasJt ( I ) 
c <Juk-*ci\ fu> «kJl JiUiLJl (^^ g^j" : jJJl oliJLU < *■ ) 
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,i„i 



Metamorphic 4J$r»H) j $ i » **> f f :L2JLj 

.^JUlt \&J&j V^VjS J^ i> Jj* 
i>c_>xj JiLAJl ^ jj^JJ ^jJb- £UL_~o metamorphism Jj>^jJ! ^.j 
c_s.>^ Ji vi^_>o -u-SjO j-^*il oLySJ Jj> ojll jJb i-AjU! J^lj-^J 

theimal ^jl^J-l J^>dl Jj^-Jl U* J/y *U* jt L£jf U>M 

. metamorphism 

jijua Ujup dJi viiXj^, :contact.m. ^I&j-NI J.^* - v 

i^_^ J^^ju Jit jl JUi^ o* SjL^ ^J hornfels ^j^l 
aJ^L j^j Jox~ J*-i*»j ^ Sjl^ cS 1 ^r*" ^^^^ J ] o> u ' 

oj^ ^j^ ^ j>-^» u-j ' w* e^ 1 ■ k ^ 1 "-^ ^^ 

^jlj, jl-* ji ^j J^Ji J^ o» ert» slate J 1 ^ 1 iJj - >11 



rn 
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^^JljNII Jjj^jJl liU-l si* ^ LLjJI olA ^ jik; lU_>-Ul ^jj>-j Sjl^-I 

. regional metamorphism 

dlJlSj J^J\ j>J-\ ,y L-L-l Jy^ Jij (.UjP U^I c-jjjjIj&I Jju ^iilj 

•jS. jNjr-c-JU I— «-Aj C-~~iilj ^j^jLJIj t L s_ r _J r l j-^J~l (j- 4 Jj-^- ci^-Sl f^^' 

r-jj? oj—v^idj 4 15L_oj jL-^ii y jjiij (cu~_-lll) L_gio J ~z>-i\j<.c^j\j-J r \ 
?-\jj] diLftj schistosity a~~~> ill i^JL 4w»U-l «Ia ^y^j (5 _>x~/> ^ 4>Ja_~,j 
jj&j c~~£ JclJj^Jlj isy.1 »jUv9 y L~*L*I i^J>jjj c--wJil5J,l L^x* c—~iU 
cu— ill ,j-a l_^ j-i5l j^i jj-oLjJI U t^b «ujlj $j\j£j -^jy> j* «j^ 
ysj migmatite c~jU>*-~» <uU <jlk> jj_iwsJl <y JJu^ JaJ-^- -jp SjLp y>j 
. kS\ jJl ojUII o>-f jt ISCil (JLp l5j->=jj c— «sJl ^ jLwliSl ^ ^1 Sal* 

L«jjLj <L>-j^ ,y t_ik_?xj ^1 Olj— vssJlj <Li»j— 51 jj^x—vall Ji_ « *p'jlj5ol ^Ip 

CjUUp l_^*~u Jj>r./7,ll oJLfc O-iU-o J^J O^^V ^"^ jJjl J>^l <1> J^U ' 4-itAVJ 

•yi 0jJjjIj5C!I j>«-^> OjJ i_Ak>oj « ^^jSCj-objjJl jl (^^Uxil) ^IScs-VI Jj>iXjI 
6j^j t JjJLjLI JU-L5I -jjo i_-5lj-i J>-^-j vr~^ ^^J j-*^^l (Ji cii-'j^ 1 
iajULi Jp <G'jJij <j*^-.^ ..ILj J^*-jj l —*i^-''j^^' C>UjJx.o •y /,°A j^aj JjjIjSoI 
iu&Jl p-5jj^l pJ^L--«j U5 ci^Ji^Jl oLiill y jr-^ (_5* ^•^^ dUAJ cJ5bJl 
. (<\ • ^ i \<UA taj^jj (^j)- i5j>^) ^j^J ^W-jll *P^-v» (^ <Oo 
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i I JOsl • AS 'iJj>-\j Ajj—Zj> i ^>-ji J 5 ""* J"^J 4JL^>__kJI ,,-P-ulU Cl^-C .jXJI CjLwuUUi 

5 _>'_r^ J^Jy ^ radioactive substances hJA\ Lljuil j> 1^*15 ^UJi)/! JsLiJl 
?-__5_vijii iJu* ix^Js 1 \_p iwA^SvU aJl«XvJ.I cjLuIjJUI *»Ul U-j_ju» i-jUI J^"-^, L£ 
( _ s JL<s ^jsSJcJ A—jJsL; ol_JL_f> (j-« L4J J=Vji L°j (j^j^l ilr-* 1 ^ "bLr" 1 -! o^^~ -9 

:VoIcanism and Volcanic forms 

: £5^1 _ ^ 

C-MjUJlj o_ / 4_Malll jji<^vaJl rj^ WiS" ^waXj JLSw! S^P 4l_S^Jl i>-U 
J^jlJSJj 4ik»Jl ^1^1 oL^Jj oljUJL, ^Ji\ ^ J\ Us^Jl iljllj 
^ r-jl^-SJ JlSLiT ^ *-— j-* volcanic ash J^jr-". *\*J lM ^J 1 ^ 1 ^ 

U*oU/b volcanic cones ^L-J^jj -k>jL->^j 4_*^lj lavasheets vi^ oUiji 

s^i_Jjl ja Ja-MI Lj^kJl ^ Jiuj s^^l ilj_JJ ^^Jl j-^ilj 
*J^_* HJU- ^ jj-^^il dj& £-_*■ J^lil IAS> & JsH\ xJ-l jt V-^j^ 1 
^ LgAiJb U j-S\ Ij-s- UaJi ^ w-Jklj A.U3 <i5L« ^L^- Jl Jj>^" Uxpj 

^■U.JI J\ iJu^ aIj^j oIjIp ^ U^^U^„ Uj (U>-U0 S_^^dl iljll cJ^j 

— AUti ji jl^^Ji ^Ua:VI ^j^h * 1r ^J\ jjL-iJi jl ij^ij^i ljM J^- 
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>-jj JLp tyl^j-Jl g&)\ j\ £jj-$-\ f\y ■±-*z-*ij <■ lava erruption ^"^Ul 

iJj-JlZM f-\ — -olj cSJUaJI .iljjllj ol_)L_*Jl i—wa—S'j <■ j.., „g ,., <a . H oU^SCoj lj\j^J-\ 
i_iX*j rJiS <- L ^^ l^^ji -kLJtJ tijjjl>- ilU- ^jS liLb Jju *JXj Jidl ,_£» J^>*j 

.pumice iJUiU 

A>-ji ^^JJ L*^" AAjjjJl j\P CjJU_XjI Li5 L^JjIj— >■ ^yiiioJ \ Y • • J A • • /^o 

<J_p~ jj-aj'J O j* <.$ - < a* J *51j£! ^V^ji JJ***" ^J\ uj>*£j v-^IvOXj ijl ^yj L^>-jJJ 

.(r pijJSLi) ol5^1l 

Ift ,t, 51 6jjl><J.l (jjJLiJl 'yij AAj_i)l /yi ct-JtUj oljlp jlS"j_ Jl u»owajj 
^ylSj-Jl jU>iiVl v_-i_o Ijlko! iai-uj j^l (J -» iwiJlScj (^JJl frlil jUxj Uj.-vi 
jS'l^ r iJJ S^JU 0j5o ijja) cj\2iJj t-w^—ji jyLS'^Jl ■jL"^Ij UU»-I oUll oJLa Jab>o 
ijJL* c-jji oLi^l jl>ciJl tw-ic- N ^OT ( ^ s _ Li) I ^ji tijJb- US' i*jJLi]l i-Jlj^jJl 

L_i^ (_s^j L-4U 4i_jtjil aj ^ , y a . l l aljll pjj ^^Lp •j C S'| jr _Jl f-ljj! i_iSjii 

SjJlSJI l^.k*ji br aJ_j;_— jiSl U*>U! CJ15 ISX^Jl iL^j c-wai_>«jl UJl$j cL^>-jj>- 

4 ; _ i L^j aj3j j \ aXs* { yS^x]\ ii»JL>&jj taJL-jo ol—iLvl ^>Ja^JI l-iL-— j jiI (_yLf- 
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• U^ { ^-^rj>- (J^ OlS^Jl ift j>i -^ DISC* i_jyl ^ji SJu^Xi 

: c$IjLa ^ - t 

^t>U j j -g b aj> *>wiJ! j^_ dJU 1$-*— i l^w t^M W~^ iP^* fj^ ■>*-> 
^yL-S' j^ As-wJ ^ Ji^J S-JM ftj^-^J o^Ju t> SiUj i4_^)jLJl ^)j_>waJU ieuiy 

. (V JSw) illlS^Jl *wJlj>- { J& j$Z <JjZJ>j olsxSi 

tiy 1^ IMA pji:jb IjJUj^. OlSjj ^IjU _,■}>• ^ j^ljJl j^lj .rf-iij 
viUi ^vio US' ^IjU jj^ v-sM os-^y <y ^ ^ ^r <J^ ittiSSj 

j-jljii cjULA uJl^JM J^ U^UI ^L^' otf^Jl **> ^ikJ L«Xpj 'Cw^ 1 



^^ 



&. L c jl 



^ ^>Ja^» (_- 
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*m 




(JUI J L^l ^I^JI JlsLil 



15wj iJL-S'jj olijJio r-jj->-j ockiia oljL_>miil ■>« jJlS'j Jl ipLiJL JoJ ►; 

. i_ilii-l __^*waJ iijS3,l UtAJl ^jlpj OjSii «^ y-^j 1 — *-* 

j-. J j_iS' ,y Jj1—JI Ja^Jl 4— ..JL. 4-JUaj^l (ijLJ j>r ,y dUl-S" Jsvjj 

Oj_^ujjl ij^j ^ Hood sjy>j tULk_j| y uijjjj tuULJlj L j\S J -J\ UU 
. ijSL-^ aJISjj r-iU LflSj ■^lili ,y OjA*j <Sjj*^\ 




t 



i\ 
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: Pelean Typ« ^L< JUi - a 

culjli-j J>\Sj> aLi j, ^jI>^ UN o £»JUJ ii~>- ljj*X ^l^Jl f\y\ j£ 

^ ^1 (jJUlj ^l&l j_>JL lilpjto j>u Pelee J^ j_, ,—Nl li* J^t 

. (Gardner, J, 1977, p 439) iUi 

^vax. US ^jji^JI oUJJl jjj U*-l!l J^lJG jp UjjJ, o^J jdtj V^ 3 - 11 
£. o^ l^j v^kJl 5-JlSjJI olykUiJI Ocri tjill (0 ,*ij J^JI «>* viiJi 
ij>_- zyrj g caldera I^jJIS lUlJJi_5 * _*]■;., <_Jlj>- ^ li!AJI vW-^ 1 
J*j>_. J£ji ^p I^jJISJI olSJ Jij tiJi^l <1>-^ ^ 0j£ ^b ^^ 

l«J«j ^Jl s^JwiJl cMj meses oL~Ll ^ dUo* J5LiJl ^ ^j 

. .,_<JiJI Sjjiw* j-Vj l»!All 

L^ o^LJJI LM ^^ U^ (0 J 5 ^ U ^- ^ ^l^ 1 ^ 

^L J*U! JSLi ^ Jii <i** Utt» *,jUL dUJ5 Jyuj sills 5j sUJl *44 
jH>b Vi*-^ 1 ^ 1 -M aJ1 u* ^ bedding-plane UJJl ^ ^l* J* 

^ ij^S ^ c^- ^ '^ ' J ^ Jy °" t>J1 dykeS ii> ^ , 

laccolith dJ/SJl ^ oLxl^ JSLiJl ^ Uijt ^j inclined Jib ,1 ^ 

. iik^JH ijyci\ oUl*P J*^ 
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^ _ «U)j^ijJI jj_>tvaLJ <Uywl ,UIj_p ajIjJ, Jjo prJa II l Ss- 

4Xojli«j <uj*>L-^> i - r ^»j <JLUS i«t>>A>tjj SiU- jlSw ^jl ridge ^yU- Sjf- A^^ 

jSo Aj^av? j^ifcstf /y Jj>X«JI OiXfe 0«Xj L_«wUp UL>-i /i-^J ' *i J**!! oUlojO 
i i jyxl\ (_g »— Jx^gJI jg rail *X*j_j c <L_Ls"'>wS ■ "» ■■^" 1 •»-'■ " LS^JUjj Lgii ,_ju U-^JI y> 

pjj;- Ij^U L^-iji ^L5oj_o'Vl Ttiojjlj SjVj'^ Devil's Tower Jio ry «— ^ 

. <t»ycdl oUup oils' Ji tiJjS"y -yj 

o^^x-a f>Ji^l iijUl JUL. I i_ olj=r L5 i*- j ' j ^." ^° Ijr^ j-^J ^;>-^^l oLsJaJl 

'LS'j'SM JLU-I i*_Jly>- ^Js- \j—~S ji-b'ij <• pjJ /?,ll J^]s>L« jl io^siJl (jj_jLLll 

jj4- ,/ilh iijLaiLi 'jS'l.i J <^ljli Oj>j U SjLpj s-Ll^-* SjjJ>- A~Jjj yi^j-- 2l y>tJL 

lava- 4-_i*>Ul ajL/jjVL ij^-aj* 1° i_JlS"^Jl £_djUl r-j J.UJl yfcliLj -yjj 

^g .^-Al iJlfj-Jl ob^Sol) *jlx_dl jiJdl -y. L-i^jVl olft ^j"j platforms 

1 ILJ>ybM o^^^iil *y» S^^fT (jbLa ^ ^>-jJ ^1 oJjwUJl (jji^Jl J*5^- -y> iliiij 

OJLo L-Jji ■jS'JlII L^Aa jji dilij t_ / _Xo Y • • • jy> yST ^1 lit>Ul i_jUAa ^y^-i 

It 
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i^j&tj »o^cdl oLMjil ^j* JU-i cLLx—j L_w»jJj^ a~J>a ^j tJiflU tjL*ji 
v_jji>- ^>— sAft -^ ji»U* ^ji tiU'iS'j f-;y j-^> j^£ Oj-;b v - as/ai y lf>Lw« 

. io^^Ji °jij*r\ *- j j*' cy ^y^"'j *~~^~\ <wsi* ^jjj u2j_^i 

l^j^ JL_*j i^l>- (^^ V-*-*f A^xJjLJi aJ^UI ^-j-ikU Ol J$^. ji^j 
^1 _ r vo* ,y J-Jl i5ilj kjJf viUi <y UJl^j t S-pIjjJI ^j-^-J fcj&l j^waJl 

: Eartgquakes J)V>/I l*il2 

jy«jJl J*ij gZi ^jMl S^^aJ Ajyj 5xpL« ol jIjxaI ,y> SjLp : ^^ 

^ ^J^> (^ jljXAl JS" jU ioU iisA_>j toUUi^l iilS ^ fOCUS IfrljjJ 

. NljJj ojLlPl ,j£*J <£j* OJlS" U_f> (j^j^ll ^a~* 

tectonic plates aJ^^xJI «jlAva!l ii_y^ vr*** L-^^l Ji *J^ "^ gj^J 
S^^va-dl AiJaJl Oji cHJij t^yuJl l$-*i*J a^-JI; aA/^ 1 C^ 1 ^ ^^ <-^ 

.Tension JUiJl j\ Jajtsi!! a-^ 
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(.5*-? _r^MJ (_r* , ^^ ( : ° -^~ j*^ ^i* ^^ -^J '^yj^' fj^' IJLa ,y ^ I^Y 
subsi- ,_ys«»ji -J°j^*j A.v_yg jl oUi.Su ti»ijJL>- jJ uij— <u l*£ cu-j—j «^_»ji^ s jS 
(3l»L« ;_$» tyW" f^^-fij J^^* <>• ^>_kAj -kL*M iik»« ^yJ i^Jl>- UJiu tdence 

^ is^Li-l L^aj^ jj_>«viJl! o| >A~>- iyj i_Jl>»i iJjju L_*^ Jj^jJlj 
Ji *Ljl» 5^ syLaJl ^yo SJU- ^jU i^Ui Jiw l^S^b ^^ ^-r 5 ^ 
^ ^jj !bjkj^\ J\ obLf*-^ tiJUc; O^i t stresses obl$>-). L^J v_-~J t> oy 
Lglx>o br i^tjj A;5i! oat—*** oUl^l ^y 5jjl>d\ J^l f^*^Jij _^»va3l c>a^«j 

Sj^Jl Jbu *Lt jt oUL. J!>U- oIjIjxaI jJj-^J cSj>-1 oUi-SJ jlpoMi <_j>-LdJ 
jJj_£ oljl~5^l «-Jl^-sr Jlp ^y-! "»_,_. j^—^l £j£ *JL>- Jj i Jj^l 

s^jIjzaI *-*-Uii ^iS'ji jW^I J* Ot Us^ ^ Ol* ob *s J ^jt JI ^bW*^^J 
c-j^ ^t V^ 1 S-jL^L >*3j (>L-o J5^io ii^wi L ^_s C-JJ>- U lib Jj^j J 

. . [j& \JS JjCJ Mj J£J\ jU^Nl iiku 
pl^Ml £_• ^j mass wasting earthquakes oljL-^l JjNj *iL»j 
c^ wU-j ^bll jl_>J i_ii— jLfl ^j-^ *-* " u £^" ^j-i-J-l h& 
Jjd ^ ^J^ US- <~*j\ oljl^l vr-i J'^J ^^- ** '"^"^ j] ^ J<S/1 

c5^b J> l> ^s^ ^ ^^^ ^ ! o1 ^^ vi-^>f ^>- nvi h^ 

^j\j^J^\ J^ ^ JJ^^ 1 ^J^ ^M ^ CjU ^ n ^ ' LJj tJjlx;Lo ^ 

: Seismic Waves ijJWH *^-f*' 

^jVi ,>. u iUj ^ j»jJj ^j^ ^ kj^ WjJj ^^J- 4 J ^" 

oi, cs^^ yaa. fJ u ^ ouU uij jjiju ^ uj>» J^:,^^ ^ (#) 



^3! 
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jr>i>u ^lj\ >j)\ <. ,( jy 






>x& 







(o ) ,ij J£A 
: f4ji! tf^tt (Jl Seismologists Jj^jJi *LIp l^wi Jij 

JljJjJLJ ^pJa-Jl y£}.\ ^ jl^j JljJjJJ 4_^Lsll 8j_,jdl obfjll ^j 

: A-JjiaJl oUf^jll - <-» 

La La^>j**i p-jl,£i_J aL^-^I /*-a>- (_£* (J^^J t^JVllI ol^-jll <U-ij ^J 

4~_J^ (j^Cwj tSJjiaJl oL>-jil (JlP S-ULjO jJLUj 4jjl_p>>l ^l_yl ^J 

t j_5^1l -^ Oa-JL (c^fl— >u) i_A*viuj *~w£ jSlji Jiw ^ L^Ja^. oU>-ji 

^Li) ^ <\ • Y (»U (J^l^ <u ~>- -u *IS U (JjNjJlJ i*jJiJl Lr -jUll ,y 

j\ juJI >_ ..>• JljJjJl sjui -d^U- t_ik_>J ^yivcj ^L^* JtiU- ^ Jl_p^l •>*■»£ 
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jiauj ^UUJ Uy Jl>l>ll SjlA (f ) J jjl> 




JI>OJI ftjyut 


ji^a £tL*j» 




(^j^^nwa j^) d)LJ^/l <U yiw M 


JSUY,o 




JjJbx^ (J^^ 4 J jV' 


*,• 




oliCJLj Juaojl! jJbUii y. j*j 


n 




Alv*. J£ oly \ • Jjuj: cijj^ Iji>. tt>%J> \aj\jJ>\ 


V 


C 




A^jtfl 



i^-U» ^ aJl^.iJ.1 Richter j£*jj ^-U^ Ul>- jLlx;Nl i«~-tj sjf^-^l j>«j 

^^Jt jl OJdl bj-& U kip, Jljij V • • J-p J5J-1 ,>J- ^„Ji ^ U> b> 
to^>^ IjSt OJil ji-S! -Epicenter .yJaJl JljJjll >*>! J* V.^ 1 
•^jj U SilPj Seismometer ^^^^JU Jj^l ^L^ u^ 1 -M" 1 c5«-iJ 
* aJl^ j>^ Jlp oUi c-Sj jLSl jt i-^idl ^bil OUJ ^p 5^1 «A* 

>j^ >j 't^^ 1 >^ ^^ dl c 1 ^ 1 ^ a ^ UJI ijajL1 J > > ^ 
^-5 1* j c^^i V^i Jj- ^ U1 ^ r 1 ^- >* J JjVl '^ jNl ^ ^^ 



_^ 
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iiixix__* oU-jJb iJ^J °'>^ u^j-*^ *r**Jy\ o^-*5l ^=— Cx° iS^ jl»L« 
. ( _ s klWSM J=u>^L; cWiJl ji>l^j ^jJL^Ml ^../Nl £UaJl iiio Ji. 

ja t-yiA ij a_^L>-j w>jNl ij^-Ji^ ~<J>i\j <-^j oU-ljl ^jJ^v. ^j Ji_w" 

, /.Lc- J5wj oLiJ.1 j^j'j 'Sl^' J j—^H _«•*-*-• j 

iJL, J5Ll» l^^Lai U-Ll jUldl jy^c ,_,» oljLgJl ^JaJb L^p jJjp. ^jMl 

■y U^-Pj V^jJ-^ ur^'-^' ^^"b T^J vLr*^ 1 .£LA' JC^"^ i>° ^ -T°^ ^ 

jtldl ^ UjJ^j .tL-JL ^j^l J» j^lj i5j^L> r*i. fl o*j^ J**^' 

^-lj— »!) <i_J^> 4jJL-» r-lj^l J^** 1 c5-* .r**— ^' oL-r 4 Jl—Ji (j— *JuOl Jj-Ij—^i 
aUll /«jaj J tt™>- a_Jl>-LJ| luLiioii J^15 jz*-£ r}j— °^' °**-* dr*' Vr^iJ 

Jlp «LJil c^JJj'j ^ Vo jijS_St n ^ JljJj ^jJ^- *jli_*l J ^Uj_^" 
j/Jl JjN^I j^i! ja j <. JUJI Jll tff*-* 3 j* j^l *~jl A* l*Lrr J^'j- 

<_^_^>- A,l jA,^L Good-friday ^tJblj* ij^>- Jl_>Jj uro— >-jj I ^"^J 
i L^L^N! ij'Vj <— j_p«J <cp ?^xJ Jij (j-SlSi i. (jij V" ^yi ^x^.lj jlJ-^jj (j-^L^ 1 
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iSiaill oJj*> /Jii <-t-5->- ^ *\AA J kiu>-j tlLL- *—^ij ..II L>jl JljJj - 

•^ i_«— J i_i!l ^U- j_j Jj U JxJm t _ 5 Jl i-pij ~SA • Ujiai i_isAi 5j5b ^i 

t ^ *\^ • ; { _m j>i J-p) *U — ~J < — ill V • • ■yi JS\ j w2jj JojJ^jj .JL — «JJ j^«Jj 

Jj (_jil Jij jjjioj V, o -Gji cJLSj \ <\V /«U <_jydb jjjL_&! JI^Jjj pyr 

. '!>ijiU I -woJj ioJll jz*^ 

oLiuil -y> _ r - r S' JJ_P j^-^J t ysi^~-^ & ■ • y JS\ J-^> y <^p ^-»J b_? 

Y o j^p jopj Y\ , \ Jjlsj T ^ , A ^j^ Ja>- -lip °jSy oL5j <■_?>*& u- 1 ^ 
ajjIjj 4j>*x> PJ^> Jp dJJij t^pljJal J?->- y l5*J*~^ JU-tJl J I dJJij t*5 
^lv»j ^~^Jj *Ja-j" SaLpl. SS^U J (J'jJ^I iaLiJl Ot J^x~j iu^w MUJ> o~\ 
i Xp i XL~}\ jj—>c^aj\ *Sj><d Cjjjlj ^Jo\j Jlyjjl jr-*y dj* *si j>-^ , y' j_/p>w2jl 

: Folding Movements SuUjZntt CtiS^J-i : llrG 

JaJLvi j\ l _fte'\ hkj> I^jJ^xj ^jVl S^_^i J oIJjv^ -jP CjUIjJ Ml ft~J 

jjaldl J Mj oUlj-JMl iiiJb£ Mj i^Ml j^— ' jx^ (_y>-^ Cf J>k u-^J 

. <~0j£\ OjJJli\ yo ij_j*<ii_yl <U5J2J| 
^yj-^^-J;-! <U_iTJjlj ,j» oJuJl_P Cj\j~J (j">L^- ^J^l ^ L -*' u^t^ J -*J 

iij^ f-jit J SjLp jclJ ^1 iojitwiil ^At-^r 1 J^-^LJl c^>cf\ 4Jl_j_Jl ol^jJ- 
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JUL! .i* J_Sj ^yi, ^tj i-^j^rl l£- r l ^-O^lj cUU_Jj| ^L 
jJUl a^ ^JJI ^jA\ ^ j ^U- ^Jisli ^jji J^>- cJ^j oi SjJ ^i, 
•y,jj| jj^a^, J^ oUj-A-J d\£j>- lfl~* Jiij i JL>JU i_jL aS"^ _^I ,j«^ 
UjjJUS' oUify. Jl a-^J aJjoJI&I aS^J-L ^iy6 L>jlJ1 JjVl ^jI^I 
JU- ^1 Uj hcrcynian ^U—^! ^>L ^^j ^Wlj <■ UdbSU JUJ; 
t U^ c^x; ^Jl U'UdNl JL-il jib, j-S^-l fjil l>Jj cUUl harz j;> 

vi~>- i^jUdl JaJl^Ll Js- J Li- 1 oJlft. jLu! «^"j Jb Jj£ u^/l i^waJl v, 4jU 

U^ Ji oil jdl iiL^il lij*-A\ oUuoJ J^^kJl L^jL' J}U>. c-^j 
(ilj £>-!-,) Uii^o U^ j] L^aa JlSLit J| UL^j U~^U ^ ^j 
^V ^ ^ , \<\AY ^j^^, ^^) ilz\fN\ JL^Ll sLu a^ ^ jl^ 

.(U 
: (o) JSLi Lj^ US' (oLkJI) oUljJ^I ^t- \ 
. k-jj^iil Ja^ J^t ^Js- aLU! iljix^i -j*. SjUo jj»j : iJLJl J^l, _ \ 
. Jil oUl ^ Ajjdll oLkJ I -^ yUil _y» : lJai\ ^j* _ vj 

Oi'-j^ J>\ 4-laJl (*-~— «J i/jiJl (_£jX~ll jA : iLkll jy*J> fx^M tf. 

SjUc SJaJl jj>t* ^tk^ jj£j L> UU-lj JUVSl! IwJLp! ^ l j-iiUu • 
J^U>- y jl i_Jjvall JajJa>- ilx^ljj A_j»Ui| :>JI_>«j jyO -» W . ■■ vp 

^ j_pJ.I (^j_iv^ xJsUa; -jP ^JhJl JaiLl y> :axis iJJl jj>«l« _ * 

. Ajjlli! AA*k5l tcJx^i 

^jip IXaU—U 0x*j (_gJJi ,_/>-ftjJl Ja_jLl Aj JUa2jj : i.jj^all Ja>- ft 

.oLLkl! Jj* »U\ 

,_Jl AjJ_j>J.I LJaJl ^y ^y_^j> ^A 0_1C ikaJ ^ . i-kll 4__«j _ j 






0^ 
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A .' 




DTv : <C 


6ai 




fcii 


IhjjW 


aw 






su&MviwJt 


n 


clr 




UaIJj (oUUWl) oUJI *l ^i 



(T)^JJ^ 
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JL^-jjj (.SycSll i_Jai! ^j^O. ^l _/ jJl AJaiJl y» I *JaJl £tf _ £ 

: oLkJ! -^Ijpl 

LgJU elastic limit l^jy jj.a>- y l5j»1 ij^-vaJ oUJaJl ^ycS Ux* 

: SJ^J 
J~c ^LaJs -y- SjL-^- ,y>j : Monoclines JJ.I »^->-j oUaJl _ 1 

<u_-i pljxil -y SjL-jP ,y> j^-I ^^ (1 JO) s^lj-^'j cjLj_xJ 

^Ij c_.y ^ia^ _jXll J^LJl ^Ap S^Jlj ly^ _y-?\ ^laXo J^ ^1 

Jj-LJl Ja>- jjbi \j£Z cjJi\ Si j cJLJjI j>vJ iJjJ-i Ijl Sxj\ jS>c3j 
*^> ^Ipi ^Jl ola._Jall ^-j&s «-Jj : Anticlines ajJL»JI) oLkll _ i~> 

ystj I fc—>-\^>- A~a *_« (1 J5Li) Jxv Jl ^j) /»J__3 3ll j_p« — >^JI ^j>~J 

. (_£j jpxil (_£ lX-~il /\P IXJU 9|- jl>-| 

ol/l ^ J>-Ijl!I _^?xJ oU-b^Ll J^>_, : Synclincs Xyull oLkJl — s>- 

. ("I J^-i) Ja^._jl ^ OJb-Ml CuUJaJl ^fiaj"j ^jj>cLl ^jl^Il 
Jii tL^i>lj_>-lj L^»i ^ CjI^JvJ ij*-A\j AjJLs-J.1 CjLkJl "y J^ ^gJajj 
OjSu ti^xj <UJSt^« Aj Jj>*^ jl oytAo C-iLkJ i=- l _j*iJl ,y**» (Jta^-» (J^* 1 i^ tj'^yj^J 






t 



er 
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t*ijt~-ju UjJj oL>-U>- J~»jj ^Ml ^j-x.J.1 jJLp L.ij_*P (^j_pJ.I ^j-xJ-i 

^ybMl eSj-t—i! ^Js- i£jj>A.\ (_5_^ — Ll J^ aJU- ^j tJjJaJl ^jLcu o^Jj^Jj 

. <UJaw> _^ S^wJUj 4j J^o oL1s> ^^JaJI t ( ^->-UL| ^jlj o"i\x>-( ^JlxJUj 

Jb-1 ,y JJ.I OjJj L^Sj i^iiU UaJ! Jio oUJl ,y j^t JlSCJit ^"j 

.j>^\ sJ^LJl JaJ ^jkJl Jb-1 ^oj *^~>u i>-ji <\ ■ Js- eiljJUMl 

<u_Ji jt ^yiil £J>j tJ J UU^t ^—vstj l.g .ij recumbent i*jb_Jl iJaJlj 

SiLj >^w-j fJLvaxU c**?^ aJs ^j overthrast ipJUadl i»sUl iJallj t ^1 

. O ASwi) »j*iL« (^jwJI *uj> y\ •*£ ^-Lj 

. domal structure ijli o 

(^^ix-waJl JLiJl jisL^ ,_,» C->*Jl J-fr-i l -!-^- ; ~ *j'A=^> oLJs jJs>L* ^ ^lj^-1 
iju^- XjjujI.1 oLkll ,y (jj^— sail Jai-soJl iila^' ,j-^ i>Js>*il oUail **S tJ le 

: £$jyuaJf JLSuwf$ Faulting ^J-aill CtlSj*> : Uulj 

. tension JLiJl J\ compreession 
(. jj**^a\\ f\jl\ J5 J> ^jJ-j surface of fracture j~£l\ ^kJ hj\j* oLLklJ 

A>-l_$l bj& JlJj cAJLkJl i-sjj-^l jy*_s<aJl ^j U-j^j ji-^t DjSo l^53j 

^ J5^ U. L^yi JLi U15 li[ L> jl i *J/ OS ^1 U^ 4,150. ^ >^.l 



■J 



iLws^ 
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j5jX^» displacement a_j>-Ij^I *}jb ( _ 5 1p cuSj_5~ ^i-Jl wluJl ^yj—^jj 

U IjiU oL? <j|j 4iij_>«-^ jj-Jx^. iak_* 0^. Ji ^111 fault plane £d*aJl 

J^SvJl (j^jil f-bit jj-ir—vaU J^~"j CUL-ij lL)J_j^j L» 5jL_P <*!**->• U_pU djSo 

1^ U ^ jdl -^ Ji! j* L^lj^l ^jJ- : £U-dl oVjia* _ I 

Uj_ > _iJl5' aj^jj J^j-r"! tS^J <_?** if>U<flJl *-'^* i ^J~^ J* ^^ J* 5 ^" u^ 
Aj^> \ \ 4iLi dJUij \M ■ Jl^ij ^jJb>- *Utf a>-Ij1 c-JJb- a^^SH 

cu^-jly i^ljj ajV^JI ^piJ J Owens. V. y^J\ ,ji\j ^ liAJiS" ^.^>-j 

.WY^JIjlj 

v_iy<j iJ-*P ^ 4lJaj o^JutC -jj l^ilxJj ja1-» J^j <b-ljNl vijJ^ Jij 
i^j Sj_xj g-jj..../?ll ^» ^>-lj^l i5_/i_x~J l— • s^Lpj fault creep £Ji_*aJl *-«>-jj 

: L^aIj Jx£Jl aS^ ol^lj LgJ a~~1I olSjJ-l f-jJ UJ £j JwaJl <A y\ _ ! 
ioiU-l £jLv» jt JLiJl jJUj vJyuj : normal fault ipUJl f-JuJl - \ 

J} (<Sjl*Jl Ja5L>JJ AjykUiil A^jp-jJl dj&j <. j^ Xj> ji 9^> jJ"j 

.(v ^ j£s) jiJ 
f-JU£> *—L ; ^-i_y«jj : reverse or thrust fault ^ jSsjJ.1 pJUaJI - Y 

iaSU-l i5j-J>»X. A_Jj ^jJUJl 1 _ y _pliJU^I £*UaJl : ■j.-.-o -J J} f-jJl 

. bll (^jLJl ^jioj JjL-I Jil jju-jl JaJli-l ii>»o aJj Ji-Jl 

i — Jlp-I J X-s^-y ^L~—>- '. JjLva_i jjj f-jJU-s^Jl jl ^Ij all i^a^./a." - <— ' 

b> P'jJUaJl oJLa ^ tl_« iaiaXj: SJb-lj iLvai J 4_ju»I>^ f-jJL-v' SJlP Jl_p-^l 
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l^jU fJu^.T 



jiU f^u»- ^ 





| _ r i^^Jw»-V-J 



(J^'j VJ"^ 1 je**! -^"ji) JbJ 4 £■ 



wU£> 








>JuaJl.l»- 



ti^£- 




Jj\ £jX^\ f\y\ 



(V),JjJ*A 



ajlp -^ SjL-p ^joj step fault iLd-Jl J <-ttf-J jJI f^-* 1 ' - ^ 

JiJ J[ ^^UJI JaiU-l iji- »^l O^sj ^.J 1 -^ J^ Jl iakil 
^ V-b ^^ O* £j-l^J! *A* 2^j i J*-*\ ^^ V-^ 



o*\ 
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i^/ iSy^i) a^HJ^ J^i ^.j-^-vaJl J^Jl ^Lijl J ^y^ J>\ 

.(\o<\ ^ 4 mA 
Jl* Lii jUj .(Yr ^ t > w c^^™^^ c^-^ J^_i_JL 



(A),JljJ£A. 
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•y U UiaX* ^ ^jJL-waJl viyJb- Jl* JjJ ^Jl _,U% ii^Ml jUol jSU, 
<jjjj>0 <JLuij c jj_>«,.,a11 <?j>- oL_£l JuJu£ LgJkL^l (jz-m J^>- (V 

jj> obxi« JO ^ j^iijj : tectonic breccia iJjiScJl ^j*^ - V 

c^-XvoJl 5«Ja^ ^Lp oUJaiJ &»J»-j ki-ij-b- (^^jIp JAj J5wJI <uJaZ^ 

5iUu ij^-jj fjJivaJl <_/*« >^j" : shearing zone t yJ&\ <&!* _ _jf 

iSiaCX kjyo ,_y2jJl L-fyiaJ ^j'j- -^ -*■* u?^ 4jj1— 2xl! (JjJLlJl y 

t5j>-Ni *ij>-Ni <>» Li>j ^.1 jj£; u ut->-tj t ( _ 5 >- J> JjJ r i (j^sJi 

^isju , ;ij^- ^yU SyoUaJl oJun Ji?i l_4 lj~-i£j tjj_wS3lj Jy-JJl 

.evaporites oly*~il (>» La^j c~JUSJl oLbjSoj 

. f- JuaJI ^Ja- J>^ ^ ^^1 i^k^ 



<JA 
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:Platc tectonics rt.yfltl C 1 ^^ : L***^- 

(jilyi-lj cjIjUII <^ t S\Jj Ixilil Aii-j ^jNl o_ / ^-aJ LluJbLl *-fAll oj 

earth's lethos ^L-jiJiJl i_JLk <^ ^jlaJl «-*-* <iy : ^.^1 o_^ww 
s_ rfrv adl w j*-Lj>yfi\ i_i> ^ ^.r^ L-*^ L ^j J ^ ^ <>* ^J 5 ^ P here 

?-IjP^I <-»jUj J*>U- J* dUij plate-boundaries iJySoJl f-ljJ'SIl ^ ilvsUJi 

oVt { J>- cJlj U 4J| vi~>- {. ( Ja^ie K i\ Ja^t ia— j Juv-jj Uii« jJl^_y!N\ ZaA> 

.(A J£ji) JsdtVl Ja^l Ja^j ^j^l 
Lkt-X»4 4__«UJi» h, (jlj /olyaXj jj^o—Jl 1 g .,/i> kj -yo r-ljIVl i_Jjl_2j LoJ^Pj 

. «uL*p 5jj>tj Jj.il>-! LjX^>-lj^ ^ «ij NL^- Uj^oi j^-Ml v-i_^aJl M»jt 

Lk—i <Jlb yc./i X; « Uj? cjIjLajI (tA»j <-JI *>- (Jlp (pi ./» .til IJla l!jJl>ijj 

Lg. ,•?„■.«-] ,_?*{£ t\^~*i W^" ^j— ^ Vj*^' H-^ u^*^ *^ j*"** ^ *•&& W tJ ^ 

. LJjjJlS\S iik> ^ v-j^l SJbS3lj iJLJiJl <Sjy>S\ l ^s\^}\ ^ iL^-Ull 



is* o£zj •j^r' u^j^ 1 "°r* J°— »' r^'j J 1 '^ 1 ^ b* *i^*^ "**^\ <y Athenosphcre jX*jSi\ * 

, (&ja) iji^-A kJ- iJU- jji iJU iji_j; <iliS Cjti JJ>W 
, t^ ^-.Udl JUjW ^y ^A^ l^vi-u rl^l ill^>-l ^Jl iiUi «jfjj ## 






«^ 
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^££ c* 1 



sS-xu . 



lJ>Ji\ ~,jJ3i\> ljj&}\ ^IjlNl 



oJ.\ ^lajj^Li t-ijAJ U— J JjVl "dSLi ^1 ^^suaII oU- s-Ij— j i-L^i tgyj .k*-i> 
^ J_^>o" <JjJUl iaLUl -y ijyS oL*5 Oli crushed ^JL^i j\ j~& j\ J^ati 

^-ijj^! ^ j,U: J^U- ^ uiUij plate-boundaries iJjx£Jl c 1 /^ 1 Crt ^M. 

, plij^lj -kj-^j V^j' \jLj\)\yjt\j 
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•y> Cwijj ^j\ <J_j^Scjl T-ljJ'ill ^iM ^ ojLx*l) OjX>-l l>oyl 7- jjU L" Jj>- ^J 

d^s- y*J\ f-la ^i iJti j\ divergence jlpL* ilkx* ^j mid - atlantic - ridge 

<Jui *i~_p- ^J^ J£i, iJ^^jo'j t JadtNl J=^>J,I Ja^-j J^t Jlp .-^1 
. jJt+tjS^ •y SJip-Us basaltic lava S-JjIj U% L^xp ; aJ^dl oUljill 

AixJj I JLj 5w1jJl>- <L_wajl o^_JuS ijLi aj ^j t jJ>jx\ pJa^u p\j>-\ Jl>J—?~\ ^ 

. C*ju 

Lg^p pr£o "Ubwiul oJLAj It-jJJI ijA>- v_Jji>J (3j^i (J-*-^ (jf-jA^ <jd • i j*-k* - jl 

j>^ A_iU-i (jJL?- !^5 1 _ y Lp iaLwail iwij^/l Sj_JiiJl ilj-« i^-i" jJlSjj 

. (Wilcock, D. 1983, pl9) ^ 
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' '^-"' 




- JJI iSf- 



rP\iSy- 
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I5^yl ^jJ j! Jb4 tij-iJI (Jl ^yJl ,>• ( * } nazca plate iSjli ^J .jj^-o L^j 
•j^i Oj^ y>j) UjkJL?-! ±Jjb jl_i jL&L Ujupj t^yJl yn-J &j>Cj \>_y^-\ 

^JUU ^g -^iJ J-^' ^M 3 J^ iP**"' (Ji <yj~ *i (j^^J^r^ jj—>^^ ^y> i\jA 

l$>-\y\\ (1 j.,<^Jg) LgJLoJLa * iJsu?Jil S^LiJl jSJ IjlaJj t«jlj-J-l *>•>> f-Ujjl it* 

U Lib 4_JU-i oJLaj J^jLIJ ^JLi* J-*" ^-LA— "^ t/ 9 -^ <A/~^' <_** "^-rijMr' ^iy^ 
iJUjj^j t^^ajtJl •>o l_«^vi>u i_jI_/-lJIj ( _ s k ; j>^> _^-Ij c5j"* r.-? - ^ lh '^ p ■^"^ 
<ijjjb- <— r— j U4I0 i]l&_>-Ml OU ioj>^-Jr! ^y^ r\P J*^ L5jU *-jJ Ja^j 
Jyi c-JU- l^-H ^y^r' ^y^ iX/*" J^-L_Jl £j-UiJ! ^ Jjl» ^ Jj^j 

UN l_$i<. ry^ j^l^ 1 oJukjt Jj-^VI JL-^ active volcsnes ik^Jl ^1^ 
. LgJ ^y^-s^l jJUall *Jau>«il vj^ 1 r'y 1 ^' ^-^ ^' J L£i-~ft ,y ^' y**- 

U*>Ul j! ^ J_k_ju JL^ySM 4-j<~_k)l f-UIp ^ I_k-^ bJ_J> oU *j -yj 

Ojkll Ak. 'I l _Ja~*A.\ j-yM! tiji» -^j— ^* ill^S j-5i i}^ {-° t-j-^0 ly&j 

aJIS^j jJ>- J5n— i ,_yS oJbJl>- ^y>^\ SLU -y^ *J_yU^i I h A ^j t iJU-l oljUll 

OLijJlj kurile trench Jejj^ jj>- <_c.j*>^ Ji« ajj^t ^1 j>-il 5jj-^ ^ J^ 
iJj_^cJl *-ljJMi cj^^fs^l \-aXs> oUj a_i jjJpl oij* 01 £^>- tULjLa jj>-j 

Kurile Jjjj5 ij4->-t Ji* Siw-ajJl ii^pt-Jl Ju^U-Vl Ul t ^^ — S'l^ r Jt -^ JajJa>- 
. L4— a> -Uj^l jtL* Jii l+ii» LjLijU ijJbiij oUijJl ijO>-lj trench 
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Weathering Ht^JUi x V$f 

U ^*S j\ in - situ \**py> ji^—s^Jl JJLsi j\ di5Cii _ AJaL^j _ *Jj>siil LS ^J' 

iik>t» (jibw -_jjjSuj ^j^l ?=Iiw »-JjS "j^- 1 ' J' j>=-sajI lilSCij ^y* ^Ls^aj jiSi 

. L^jjJjL iajLJl OiUil •j* L^yajLva^- ^ 

exogenetic L^-jL^ J^l _pj endogenetic Li>-b J-»Ij-*j ajj^JI _/&' 
pu^J j-Jjj dUiS' hydrolysis ^lil Jl^jJU jL—ill Jhj Uio i -jj^SLxiL; jlta 

J^aliilj 4JLk!l wja^ilj tij^Jl jjJj dUJlS" cAXdii-l oLi-l olS jjswzll Jy 
Jai U-^S liUS y & iiA t t— •,« US' Ijj^-iS' LAJX'Lj ii*->- <Lj ftPuXjl oLw> ^_i Ajys^vaJl 

.(Clark, M, 1982, pi 5 ^Ij) 
^ Ujiijjj ?*-vfiX> lJj-jjj tol — jjIj r-ldl ^ Al*^ <L_>-jlji-l AoljjJl Ul 

: 4JUI oU-uLvaJl 

tijj-b- Oji _,?waJl (JLlSCjij LiJl j5"i L5 ^^Xxj ; 4*5wlSsJ,l 4j j»sx)l oLJu^ 

: ^ UJ mechanical weathering ^SCjKJ.1 



nv 
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: freeze - thaw jl^aj^lj Jiojndl i^ibu J*i» <ij^)l - 1 

_^j5 ^Ij Lgjii aJsaJI (j^jyJl (_/ (^->- ^jyJl {y ^j^ iijUiU l-^r lj^ 

Hy^ hj+* i> j^J 4 1 ^ 3 - ils M ^^ <J XL*** •>&* ^ ***** 
J>-b crystal growth c ">UMl oIjjLj ji J^ & ^h <-~&->^ U*_JU 

oUI jJ*j J-~ ^JlAJl ^Jll v— 'j-^. U ^ ^ ll, " Lj ^ 'V^ 1 J-" 1 -^ 1 
i4__j o^>Jlj f j—J&Jlj o-^lj •^-ij-£ JI c^ olj -^ •J*^? r 4 "^"^ 

salt C 5L.SJ J^ U^ SJpjJI u^jyJl i> U^. L^U^JUi* i-JUi 

. leaching 

.M ^ c ^L-.Ml oljjJL. ot Warren djjj Cooke iJj_5 ^ J* 6jtJ 

J j^\ ijl» Jl> JbJLAll !jl>l ^ C <^~ Jl ^^ U ~^" ' b> ' J 
^ _^" ai L^ i^-UI i>^l 01 dUi^ uU^ c«L^.I ijall ^^ 

physio ^U_^ W J^ f>" ^ ^^ °^ '^^ ^ ^ 
exfoliation ^.^Jl >^' ^ ^- > ^L. chemical weathnng 

. (Cooke and Warren, 1973) o^Jl >- aiJ^J 
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Llj'Jl bL> iuLi-l CjL_li_<JJ x^ljJl jL* :'iNl La l$i>l_^J ^If- Jju i^Jyadl 

.LdjjJL <~ij*j L~j oUij^il iJ Awsl>- jcj^ coarse - angular - debris 
jt .vUJlj yjljS^I jiU_i ■yi L-L~*>! OjSco (^JJl oJl^l j->^a Li — « j^Uil 



Aijl 



4 alX_>c.a iAij -il »^vj| 4_^>-jJ IgJUo jJ — *_>» Lx) jlj . l£J.I 



^'J 



jJuJl _yl -^j" ^1 (Y) A j ljy^\ Jiu\ .J-^jJI jt ili)/l J*>U- •_/> lSjU^I 
. <u_)bJI 5JL>-I oUU-l (5-i>-| j^ptvo tiiSCii jj ^L^SoMlj 










;?.. i.'in.jj ,.>»c-Vtf -y „ 



(r ) r ij5jj-p 
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: Pressure - release jj***ai\ ijji ,y k«..^Jl SJI jj > i 

iiljl Jbu iisL^j ilLli rt^tj t Jointing J-*+a}\ Jvaii aJujJI oIa j* ryX> 

lift 5J|jN a>^j tUj.-i.j jJUJI *LJIj sills ^SUJl j> jJJ Ji* intrusive recks 

L£>U__a ilJO-ol Jt)U- ^ cUij il—glvajjj" Jl ^ijj U f-Ja-o i.Ul-J j! CjJ^j 

JuJI ' g-/» « ; *-« ajjIj^-* jiic sheet joints ijlkiJl J_^UlL J*j£ hjJ*** 

4jL_Jj olas-i: ^ cUJtf ti^-Jrl j>waJl ^ ^ U 1^ ^Jlj liation 

. LSCJLSO O/j _^waJl S&& J J^I-j" 

: Chemical weathering dujlo-fSJi 4J9^J< CiUUa 



vO-V3i' 



J5^ ^U, jJte c^- it**** pi" jJl <^L-*ll >S U SjI* l# jj^il 

. (ijU-53i J>^l c-LLju gjA oi\jo> cy j^ 

[# _^& jdl stratified rocks UJJl jj^l J* *d j^! j*j3 L° "°^ 

l^ .l^lj ,111 J^o J^ ^ i^ 1 o1 ^ ^ ! ^" <-^ ^-^ J"^ 
Sy ^1 *b}3j t^lS^i J* Jl l«J-3Jj j>wJl J^' Jl iS*>. ^ 

c^ *U jl Jj-^r ^ ^rji ^*~^ '**» S > JJ S ^ ^ Ji ^ jl C 
^ a j**, ^^-^1 J 5^1 ^^^ J*-*-" ^^ subterranean ^^ 

ilill c %Nl ,1^- U^ i^l ^J 5 ^ (Clark ' M ' 1982 ' p22) ^^ 
^ CJ^ ilU-1 .Iftj .equilibrium JjljJl jl JaUJl Jl J^d ci^> •^ Ll Jl 

l^Li^lj JjJLl .111 jJ- c5>^ >^ ^ , J JI ^>- 11 ^ ^ U ^ 1 ^ 
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: Solution JbliNl J 

iaJy (, jj-^S" JSLio jj_iwaJl Oil*-* ^ ji^J 4~*L- I 4jj£ 4_1«jJI ojjfc 

^j j cpJjTVlj olSLL_Jl ^^ U>\ iJU-l *Ji* ,y cSUj; *UI ^ PH <\ ^ 

i\*'j U-^o liili^J Jjli J-* p^jWl £-w»i PH jt 1 jp^ JaUJI aJU 

. Jili PH £ ^Jl U>yJ-\ Jwoj" UJJ^ ^^1 ly> Vi'^ LLUJl 

: Carbonation -jj^ScJI - »_-> 

c>l! ol^o J ^liil o^>Jl x_~tf J\i J^-+ -^ dUij c[Ca (H Co 3 )] 

(jj>-\ ^/ISCi! jo^' J ^-L jl t j-x*j tL^li ("jr"-'^ Cj ^j^ V^ ^-^j 

.soluble Sjli^U iLU <>_ ?;r >-Ljjj oUjj^ jjaju aj^UjJI 
: Hydrolysis ^Ul JJb*J! . _^ 
LpUj <±jj Jv- < JLp aJUjJI oJift L»x«iJ '-i-^ 5 *" J^-^l V-*-* 1 dr 4 (^^-S^Jl i^^* 

Pj r _~-l;jJl jl JjjJuaj (fj^jJ'^l oKJl^u) aluminsilicic ^SU— f j-^JjW 

LgiOvUjJ jj_5-e-/2ji i_Jl j>- ( Jlp Jaj( — *ajl ^Jl iJlfti jjjilij |»->u>-l ^3 r>_ iu iljJj>%J 
J AAj Jail oJl^j (_g a>cil jLvJjUJ 4- — ^JL tiUi -bij ilol^Jl oj c^aJl ^^aj'j 
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decayed plants aJlL^I oLjLJI <y> Aj£Lil h^Ji^ J>l_4^-Nl <-+*kj 

AjjL_*il j^abjti\ A-JjIS i_>-ji Jf- ^-yfiy^ _yjj vi-*_9- lAj_^>*lJl J UU Ijji 

rtJu j\ dJJi -bo A^oLvaXol -jj» oLJl (j^j (_^JLJl JbJli-l A-^U- i<U3)M aJUjJ 

soil leach- aj^xIJ J^JJl aJup jj^ ^ subsoil a^JI ci U aaJs Jl -u^ 
iljil ^"AixX^lj Aj_yJl ^j£ <5j* t>" *— ^-^ f^"^' aJu*JI oIa (_s^j • > n g 

LftjjJb ,-XJl l*jJ.X>- (JJ_^> (V 1 A-Jujjuj lIjLJI J— »-J L^ol -l>t_l^i|j L^lo A- — s^ixil 
. IgJ^U- lfo*-£Jj Aj^iII J UilJloU Cjjfj ?Ja — ll xktfj JLp Ja*S 

U J i_5'lj aj^oJI oLU_p »■& ^t scree ,,..?. gti j! ?-ji~Jl ^LSj JJ^j 

Ajj_3i ,-& ^t fossil features Ajy-»- £^ j* ^W 1 ^^ ^ ty ^ 

^1 A^Udl ci^JiJJlj J^ljAJl ,y Ji^Jl J** £^Ji ^. ^-^ ' ^^ 
tf> J^Lillj Jji^l .i* Jicj t Ji— -1 Jl »l^L J^"J C 1 ^ 1 ^ cr* 

Jl vat -U a153i j^^ j*&> J^ij^ij J>iJi t 1 -" 1 ' bjl ^^^ l G^ 

VJJ jr ^k a ^1 ULc J-a: Ul^_- f L^t Ilh^ J* Cr 1 *"" 31 ^ J ^" ot 

(U JsCi) UkLl j>^3 S-U.M1 
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. < OUlioj iS^**" ls\ '•— ^ •^ - ' 








^JzS JJLSCi; — ?- 




jJ! ^f^\ dl£iJU iil^ll JlSCi^l 



JSLLi yjp L_$J! t-JLj- ^J\ "^J>Ji\ JlSli^l *J»! -y. Slops t-jjLJI Jwu" 

i; JjJj>- Ji5w._j i3jk ^j *^JJ iV ^— 4-LiiJ.I iLjJiJl AiaJLJil /e^ - j-^ — "J j?r 
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lLUJSj t<Uj_jOl CjI—Ja^J A^ajL_5il SJbJUi jj_i_Ajl ,-i y-j.a_.JI J j _ o,"Jj 

Cj i/~*Jf _ > >?*^> ^Ju - <bj>_jlj C~»_ll oLJUjC' LgJ _4jtviJ ( jjj Jjisldl _,} *-jgLJI 

Al^Jl ^ Jjs-Ij J x_*JJU -^o Jil oNJjiX /"^^ L->-_^a< jJ^ _~>- t!JL_j>- AtJsu 

Ji «jljJl ^ *-y__Jl -^ ^_C!lj <. static state oUi iJl>- _i IfltSj jJ^ ^xj 

-9 L^i JaJLiI _*p_jIj <U j>_JI CjUL»J' L^~S CJu AiiLu <U>-U4 <_8j jo p^wo j>j 

(icLJl ^ _/LoJlIL ^U; 5^U) Infiltration capacity i^j^j> t-jj-iJ i»_> 3-vijt 

.-Sj~i i—J^—JuxJl 4JiUs> *^« Jit _J_>I f-U olS" L-* li^i i^_ll oLo ^yaUa—^l l^j »Jj 

ijhj o\ ■X-ju soilpores i>j_-!l oUL~_» J^- *_uJl c-w_£ L> _Jl *lil Uj_v.ii 
Ojt^ Ji iJU-l 6 JL& _j Jj^xl! 0j5i p-LIL; JjjxSl ol»L~o JS ^ki Ujcpj 

<JU£- Ja^JJ o^j* 1 jU— «l iaj—vo i_JJP A«JjJ *~£lll i_3_43 _US 1^3 '*l*b UU 

ii^pxi; ^Jl <L_i jsU bU.1 _~?~ under ground water table ^j^-\ *lil <_ ji~« 
( _ r v3j'i/l c-lil pk.j (_gj_x_^ j|ji_>Jlj ijjiJl ajJsI ij <ui j^iCsx—u Jjuj: j g'.ll _p_ 



<*-„&] 



_jL__r i _ s Ic ^jX-s^ jJu,_il IjLa y* <uiL_4 Jv«j_^j (^JJl j^Jl jt dLi^j 

. «uJj-<_- /,» LoLa lf.js>- lie (^Ij SjIJLLI iljil •jJJ °7T^ 
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^jIp aJLJ-I oJua j> J^kij impermeable ii^> j^-i- L^w List JjU U lil U 
. JLslJLJl Ifiy^-j jUfrlVl «li >-T IjJU** jouj ( \ Y J&i) interflow JUM jJl 

L^JLp ji . lajt <L™ii ,_^jVl ?Ja~- J"^ oL_JJ (5^1 V J W^' 4-3 j*- •^■J>J 

•^ Ja^jJl IJla j^Jl_^jj . saturated overland flow ^JL-Jl «Jau- Jsj-* ol^ 




7C-i— wtt ^^jl «, . 





JaiUJ 
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frill !_5 ,^X_~~° jj^J UJLLP «jJL5i djJ_^jj isdsuJl ^ylp jlyfJlJ .^SjUJI fill 4_j>w 

vo >« -kA_^ lil Jldl J-^^— JLp i^jMl jJ^ -^ Ij_^u ^^1 ^j^l 

Yo o^i ^ILl ^UJI oU i*Ul Js j^Ji« o ■ j^,\ iiU, oJlS"j i&U /JL» 

. (Wilcock, D, 1983. p 34) ^k~Jl Jtj>JU ^ _, ipL. /JL. 

: Rain fall - impact *uLJL JA\ sLa {ol*a> _ i_j 

al^L ?rji_~Jl 7^3-^ t _jl« ; <!j><waJl oUjJ_>JJ <5"_y>- iJU__jJl ttJLfe J>U- ^ 

°jn— r^' ^iUaJl v^— ^ '-^ 7?***i-J twiwJl »tk«. t.j^^^i Jji - ^ • j>J J| 

Ul Jji^ aJ*>L^ JiJl Oj>50 Ui! «kJl jlS l_« liU tisSLJl _^Jall ^ o>l£Jl 

<jl Jl dUi A^-jiJ coly Jj^J £»i!l Ld l^xS^ jdi (iiULl »lo5l ^*j) «uLJl 
^JjULL. f-lj^Jl ^ JjIp! 4iL^> Js-jj (oLa_dl Jju JjL-I ^1 li^p.jo" ^1 objJU 
5y_y> i-lojJl oJAj ( ^V JiCvi) 4_*i)l j^j ^jJ-Ij L-jL^o L£ ^Jl oLjjjJj-L. 
L» jj^ La ^lall oM ^Uij semi-arid isli-l 4_Jij 5iU-l ji.Hl ^ j_^£ J£jl. 

OJj=~j Lj !j>l j\ LjjAi CjIjLJI L^JLo ^jAXp^j 9- jjLu (JjP- Ijij^-J IjljJLa jjii Us.... 

. 4a~uI_j CjL>-LwO (-AP SJU^a 0*>5 

: Mass wasting 4**J>j^fl oljLgJ^I __^- 

•jjj^ (L^PjX; iij^XJl) ^yo^Jjll JJ_j^Jlj tiiSLiJl CjLUp Jj-j Ja_~"j aJU- 
4_^>-jJj — Sjj_jsj yc-o'A-o Jj»l^ jJ 5 J_JLi 5jjJ_o 4_X»jJI o-L_Aj t Oo*-jJl Cj^A—tiS- 
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j&> Sljj 



*-'*u/ t 



•di-b j «kJl ^jLp *lll iZy*. _ I 







j*Ja~Jl ^U i^ill w— Ijj iiyi _ u 



r ) fi j J££ 

iiiScil LfPljjl w-j^l oliVji^lj mudflow ^^JaJl J^Jcdlj soil creep i.^1 
^ <\VA iu* LgJ U_^va3 ^v=jj Lfr-» _>•> Cy <-^ sharp <-jjLi OlS" osj dandslide 
J*l_^Jl ^ WY pip L^j dUJL5 (rA ^> i \<Mr t Vj ^_^o tij ^,) 

t -7 J 'J^' tj^' ^ ■A" ^J— "J 4j_/>wsJI iwv^oljji! Sj^—Xv^j 3?,, ,1a j a$j>- ^j 
ijij Cc<i (iiJi J^j J^ "« rtJ} «L>j^ oLJUp 1 g 5,, ,. ...7 c j„ig,. ;v a,„,j-l oL2b ?-j_LJl 
cl/l ^i Oj^waJl iljll ijy* ^1 (_gijj UjjJj ^1 gravitation W'j^' "^}^ 

. i_w>ljjJl u^s-j tSj>- t\£\ J* jUv*i*S/l fjJlsfj *L_ r £S3l 5vUp! J^j «i*Jl 
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: Mudflow j^\ Jkdl _ Y 
^ J-^" t/" »W-L. Uli 4ju_^. 5jj*w» ^Iju <_/ ^-jJaJl oUkdl J_uxi'j 

JajLj' L^l-^ Ji jL5j ijSoyi^l ji\ jj)S <i^y_ d\j>~ oL» oLjtii'j-o ^9 C-jJIs- 
iiiL~<> Jl 4 ■M ftll J>ljil Cl-iiJj Jij 'oLlL; <U_jJLaj oli>c-<J i*_iN ilj^sj ji>s-w£> 



l >X_4 A • • 4Xo 3 pWJJ^J ^^"ji 



"J 



|Jb>Jl 



Jl «jLu j^Ip olj— xajLS 5 



. «Ljji>-l IXiyib Jj-iJil Jj-ij Jj*J j-4 d-JJl>«j LJjU orfVP jlWV 

Jlp land - slide Jiil jlki U s^Uj t^jj=> oUiJJ J5Li J> c-jLjj" ^Jl il^il 
i^^_5iij liLol—i-l jJ\J c^£ -9- j <ud\ i Jlj_ >■ j-Ip jjJt: vail ^Li__»i i!y£ ^I 

Jij jJ^wj <_$j»<w3 wJsu^ (JLp iiJb>rj Rock slide ^J*^? &^j>\ _ \ - 1 

<U ->« — s<a CjUXjU jl *j>i-J-I S ■ . S Ajj>c^a i_f—S ASv^Xi jj (1) &>u 

J^Jl (j^J (V) jtij 4_JLx!l 5jj_vaJl TwijJ'j ( *l £ *ij J^ 1 ) 
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>=- **TJ 



M^ 



£jLJ\ ^\£j 




— ~P-, 




4^\Slfi\. 



i ) f$ j J£A 




£ 



v<\ 
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.» j jiwaJl -ii^ ^j* 7*^iJ 4^JJ| oLijScil «-» SJj.ya.ll CjLi iScJi 

. Sj ; Jtyaj| oL>-jJul 

: g r <t utt t jgJaU Wood's Model 499 gj$-c 

IpcjjLj J^>- t-jjL- *JI jjiaJ' ^ytj J->«£*J,I O" il^J tL^L-J Lyijl Ix^SCo-j Jij 

rile ^sij J 1 !^ ,_y l#_>-lzx^l ^ jj^ jiff diSJJj tJjjUl i j>-j]jijj^ajA-\ 

Afi /w=>j iS^ '■'•^Jj' 11 7r'*j£ J*— ^H IfW'J |j> — o-i (^1 r-iUJl /j-oj iob JaJj 

. slope evolution «i~Jl jjk; t_iy3jJ \ *\ 4 X 
SjUp free face _^J-I 4_j>-jJI Jbi Ji^ £w»jilj r-ij-^Jl IJla ^i 

} 4s>»jji |J & JyJ Ajj>cJI /vc A—^-Wi Ou_Xftll rt-S"lj_Joj t*jj>tXjl JbLio ^lojl 

LSl^Jl j^-oj c Constant wjLJJ colil! j-b>«J.l ^Jlp scree t-jjL* /*lSj J5^i 
jb juJl aJlp ^ concave slope j*l* ?Ju» L) # 1r *sJ~\ oU2.Lj <uL Jlyll IAa ^J-p 

i>^XJ j—>-l 4>-jjl (J^-l l_J Jj-o° pt-U^/i LSv^iJ *-« t (_5j>c^/2JI Aj_^jO| CjIAaS- "y> 

ilJb*J*}ll 0J4J Jl U~jjLai fws>jj" (_s*jl (0 (* — 9 J Sjj^yaJl ias-)!) <Uj**JjI oLIaa! 

. (j^~j«j SL>- 4Ak£S XiU-l ^IpI 





.A 


AgU^^H igl|^ 


^»w*W* - >«*M*r*«r-.^ -- H 
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^L_i — -J i _^ujj 3 __ a _,' ^2 j 



o)J£A 



< _ 5 Lii tijl5l» <_$! ^ji L^iuu a^ 4-*jj^M ^J*^l ^J^TJ A*'jp' (_j* -k^rAl *^J 

' li^sJju; v-jJun cIjUL^j oJl>-jI 'Ujt.^.Jra.n <Lj>uJl ul J t;t; ^jiSlj Jui.1 (Jet*" 

Ot SJU-I ; oJla ^ ^-^ c-jliJl TrJa-Jl Ljji *ij*^ J-*^ ^b)" oN-U* ^ j^ 

7*A -Jl /J-* 2 !* *' ii«»- ^ iJLvJtj >— ^"' <* >>- 4JI L J^>- IJ XjC fj£j oj aJaj ^S j qj ^vJ 

jJb^_JL» i-tia^ ^jLp jkil Js»ji_^> J^A>- •jjo j»L_C- (J->v-i>J jLfj'^l O_j5o t-L-u 
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k£j->- AiU» ^jA LjjIjlaS *jj-J- Lo oUujJI villi J* Uj_pL~) S^pUJI A-j^-waJl 

.<W jjj j£*i) .iihUI ijljl oLJL^ 

U£JI i-^A-l iilkJl ot (Allison, I etal, 1980, p 47) 0j~Jl ^j 

0l i^jJj t j^rd^r^ JiL-i ijjJl -yi jv*v \ • *iji iilfT 0_>£i *-^ \ • l*jJi jLk«^ 

olijj-Jr tiiS^ y> tJLiJJU a^-xJ ^-b*j U -_^Jj «_5l_jil ^ *x. N ^JuJ^\ 1-L& 

. iJb-^Ul 4jjjdl CjUUjJ I^UjUL L-iiw'J 4-t^Jl 

^ aJ ^JjMI J5JJI j^J jLftl OyCJ JJ JL^II ^kJJ L^JLj 
Oj£d JjLJ! t^U^I ?cia.>.Jl 0l dUi ^ ^ Sparks ^jl— OlS ojj <^jj^ 



. iJb>e» 



iiy^G i_JU ill j JSLi ^ sheet folw LsLkp Ukdlj jU>JNl i-^k; ^jAJl 

residual ^kJl ^ a-_Lxo *-— Ij^ ^Lw=J-Ij JU^I ISjL" jjj-iJ!j JUiUaJl 
J5^i J ^Ljo- U s^U U;U f&z* J- ^ J* iij>d jJ! oUI 1.1 deposits 
JaJji c ^lil jiJuJl 4*^— ibjJ dJii A>t_^j (Rills J^l-Xsj-) "»>— * cj\j& 
a I* rj _^j c^LUll OU^Jrl ->. j-^I J^^ c-*«Jl J^ WjJ-* 5:>b J ^^ 

l,j^ {ja aSL_J. J5LLjo"j i jj-wijJlj headward erosion J^U^I c^>«JU 
i^^J.! ^ ^j-iJ! Jlp 5j_s ilijJ c^Jl oLU Ol /AJL» y.^j 
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V *i - / 




3i : -»n.< «L» 



ly^ 3 — iXr 1 " 



I 



^r"*^ 3 -" o^/r 1~ 






^-r 11 <> Oij*"" 



^1* &fr 



i^yr^T^ 



I 



l/.^ (jij** 1 



ab=r- bkj°r ' 



^-.Uil^^^i 



«ia-u o^ij^ I 



*w£*- 



s? 



U' 



(i-OfijjSA 
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ja S-tfUl 5__j'U^jJ| ^uLUjJ! jLi UJiilj^ ip/^l ol5L_Ji rj^>j f-*j 

^i/-*^ cr^J^ jj^" c** j-^ ^ M A-jiUt-l ^ji u-J^ <~JjUJt oLUJl 
•^ J«i /o j! b^ L. lil jsjS^I oltJl dJDi gcvii t^kJl L yU^" ^j Jill 

: Laminar flow ^^isaJt jt ( _ f aiaJ| jl^l _1 

oli> JSLt J j^Jl sbi JM>- |JL>- AJLk A*^ ,y i j>Jl^]\ d\ijr\ -JLi 

V"'->-> J*^ 5j ^' l5* f-^ ^J c-**dJ jji ^l »LiU _ LiLo LjS'i US' _ U15 
_^-Vl ijj-i L^_4 Jo-LJl a_Jij! <_Ji ^IjJl J^>Lj ^jL.^, a^_ L,j iaXJU 

.On ^ ^w t^u 

: Turbulent flow ^IjJill JiJd! _ u 

^o £j\jj ^ ■r~J j^l oLJ- ajj W . a * aS^ JsJiJI ^ pjJl IJL* J^U- *Jd 
eddies ajIII oUjjJl y> iLL JiLi J tAJltil y jb.1 &%* Jl jb-lj ^> 

jjjdl J-ojuj frictional ^ISc^-Nl _/Vl ^ » f-UJl ^_jy a-p^JI J&j 

: Velocity ^Jl aLo jL>^ 2*^— __^- 

<_S_/j«i.l f-Li jiJ>Jl J Ji_ o^j oljj-JdLI ^ iJL-«j j&S\ aL_o a\cj_^ ylxJ 
U>ai jla_j>cjNl jl>uj (.load aJ_j^_J-Ij jlil Uuj^6\j tSbiJl aJjJL_j>- i>-jij 
(>jip J^_*jj tA^-S"^- 4ilia ^Jl o>LS3l A_ilk!l aJ!>U- ■yi Jj_x^j »i^_>- U-_*^ 
^j\JaJ>\j oLIL iiLSc_>-Nl siljj Jlp Ljjp-U Jj A_JLl! sLiill <— Jl^>- J fli&Nl 

Ai^Ul t ,..j.^J olyiil ^y Jit (iiL5o_j»-Nl) iJLfcj t^UJlj ^'j^ 1 J> f^^ 1 



Ai 
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JlSLi^l ^j I g> Ji! L$j lb—A\ ~kSi\ oM <iliij semicirularc channels 

^^vaJ-lj JUyb iU>*il oULl Ol vL-_>- »jj^w» COJjj f UJl a^j t_^l t5 J 3d ^ 

^j^wi Jji» ^J& deep gorges 4i^>— p JJl_p- J^^j c~*«i!l ^^ Sj^U Oj>So 
•y> L^_Jj-*4>- o^cj ^jj\ j\ jJal 4JU- ^i (^j^-jjI c->tjJl SjAs L^iL* — ^>j <, j hh' 

iobjJ iiiLJ! iJb-^l jV" ^—^1 J"^"4 hj>c^a}\ oLxi—ftllj i^^^uljjJl CjLoS O-olj 

CjLr^j 'cs^l ^W oL ^ 1 <y f^' <Ji u j-^j V-^jj L^S^i; Sibj Jl 

: Solution iuli'ill -->• 
• «■ 

. ilji! ,yi*J i_*j Ju^ oLil os-U? o^Lj ^ylp 

bogs oUi^. jt oli^ ^ ^^ ^1 jLjjMl oi JL^i Jlill J;^ ^ 

•y^oj US' ti-UUdll oljUJl >yj Ajj..A. ,ij| ^U^Mlj O^jS^I JL™^! ^C JaSlL) 

oL'jjydl Jy£ ^1 (J ^.U_>.'Vl ^Jlp ^jirfi ^yJi jLfj\fl oL« ^ <Jj g..j aj^^I 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



JaJjj L^o _^«_ £ *j>-j <LJ JL-I aLJ.1 iiXvuljj 1 fro, bi n \jj1~» v-j|Jj oIjUjL <UU<aJi 

y>%j <UJJ.I il_jll j^o ^...^.—^ll j£ <0L«j«j U jjjb Jlill c J_j- — »*> ^yLti tjl^ja! «Lc 
cu>=Jl_j 4jI3^iI oJpL- j gJ U-iji l^jiH JjJLJ 1 j^j _tf-~*iJ 4 lA* ^jc^° ^"^ 
^ <Jj-£ jA\ jL-jjMI cJLS" liUJUj tot^_>^_a ,jjj>^ ^ corrosion ^jU/x)! 

i yi\ LAjjUilj iijLilL 4JL_*£ ^■ijl CjiJ^ lJ^ J-*—*' *ijr!" JJ— * t ^ 3 •— ''■* (J^^ 1 

^jJl ty-^yl _/>J-l obj_^j ^ JcuJLI J--JI j^J fLki ^ l^dap-tA* (j^*i "-^J 
(ijj-4-l >=*J-I objSj J^U- ju_JJ «ipUai> LJ L^S ^j^>- nubia sandstone 
li» cplj Jiu i^J-l SjUil VsA» ^ iiU-l iojVl aJjLac dlliSj <. ( j~~»jiy\ 

jiJ ^yJl 5Jli)l -^ ( _ r 5CJl ^yU I4JUJ jpci jlJbxi'ill SJuJui oliU- oli (jj^il 

. U^p Jit j ULJl JS\ 

J^jJl ^ iojs-LJl i_^Jj_Jl Xos- ijijp ijf-j tLgJUJ JjjU j^yllp iJLjLl i^~*l_j_JJ 
jjju Uj c4jIJL-« <1j*>- JS^i ^ji AjtipAJ iLLiJl j^L«Jl J»^ L_ «j^ i -^jJJIj 

•UkLo 4J3U>j1 aJ AJmjtII <L)JOuIj AjjjitvaJI OUXail *Jajca 01 J***-! (J^ rfr-jl *J^* 

jLJ "ke-j*j*j LfrJjjj Lfr*>t>- ^jip L^LjI J^i*j LjIa! t)^» <5JLp <Jja>- j\ f-Lill ,1^ 

.^Ju p-LLI 

: (Bed load £li!l *Jj*>-) £UJI JU jaJI . 1 

rolling r-^>-Juil ik^<(jj L^Iaj *i>j tLgjL_~>- *><^- ^j* k^wljjJl ^1 wUJ 

.attrition <_— IjjJl t j>«is L^i* jiJaj i/SLil^o aJLo ^ L ^a*Jl 

: Saltaion jiSJl _ o> 

■tJ^ij iftjLJl ^ U^>>- jAv»t l^Jb iiijiaJl oi^j Ji^J (_j^i v_^^ljjJl Ji^S 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



oU 



: Suspension jJLdl JJaiJl - ->■ 

■\jj li> Igj JuaSjj <, L_«u>i>- <-L)LjJ~! ji-stf jI A—j-JjIj ^yjCJh JiJl *~> 
(^oljj jiJj iiijJi_>- >u> }\-*jj iSj^r^ ^ (*— ^" t5» Alwi-Ul jj^lj C^-^' 

■^1 



:Solution i»)i^L JiJI - * 

. LijT UjS'i US' i;li)/l ^;^iaj 

J^>- /j- cjNjL»i-» oi Jus tL^Li ajjjw -t-Pj <uli p-LaJI aJj^J- a~~JL 

rt-Xl rt-J 1 g<L°1 l^-^ljj-Jl (t-Slj^ 7t*—J jUW f^* l^* V — ^"Ijj^ JjUa— o J-«-£ 

: iJbdl iJiUll J->U ^ V LJ-I 



<-**&l 



vvO 



~jl 411 1 



<~£- 



f?&~ 






Paris per million J IjUa^-l _ * 
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: h±£lZji j jh i h j j^lii ^^kJi £ Lb-ill 

&U [JU&- \j-*Z U^ix, l^lj^t f&M J jLgjbU ^UjkJl oULkiJl jws 
J^ Uixu j;P l^jl jl^l jji^i ;U>Jl oULUiU f U!t _^lkil y, jX:U ,^i\ 

^ Jsr- l*- 1 * cM f^l f>A* J^ j^ £->■ V^ 1 <^ U > |J ^I J> 
i-^Uj UvaJl j>waJl jl>L« ^i rapids oUix» -y l^ Jaj^ Uj JjU-I ^ 
ls^« ^j ^i ti^di ^M^ *aJ&a J* ijjaJi i$J jdij iJ_p.ii _,! ijjtJi 
J-wuj i^l £_k~< tijx^ jy lfJi»w ^ sjjL ij^iwj oUjxJ J5Li ^ _^J| 
SjLj ^iUi ^p £^ abi ^ ^ J| -u-^-j tjj-j^ti tiz^Jt J* Uj^j 
•^ Lit o^/^LLlI j>Jj t^jL-JLI j! oUiJdl jyy UJ ^j-fJl oLji-l ip_^ 
J^jj_>- v_™^ ji J/Vl l _^ — JJ ^ o_ij <.lSj&1\ uLj^i-l pUaxJl j.j^p. yfcUi. 
^l/" 1 ^ "-^jll Jr^ixJL. ^lj) base level sopU!I ^jx^ ^i oljJu 

.(IV j 11 

: sjpUJt (_5ji>J. oL-iL.1 olpjj iilxAj 
: Ultimate base level Ji^S J\ ^IjJI ^jijj J\ 

***** -&k f-1 o*J J^ £ u&^ji^ -K^fll jl £^1 j^Jctt ^jiJLi 
. 4&UI J^klL ojJu «_J JjJLiJl JaJl l^-^u Up cJltt jJlj -IjjJl 

: Local base level ( _ ? UJ > I ^jxJtt _ i_-> 

^'■'■"-' ^ t^ 1 jW^ 1 <^i <^ ^li (yii-^u jJ tSjiJ.1 IIa Jlojj OS 
jl L^^va: aJJ jt J^l jJl j^ LaJ*. ^ I^aI JjUi uLV ^>JI JJ Jj^jJl 
jLiJ Sj^^u JIj U^b oj-^ ^J l*9jf (_$j_lJ.I lift Jio J_ij t jlJL>jVl ^Jaj 
°j^-J 'jrr 1 ^ 1 jr-«J V-^ ^^ '^^ cijX^. Jir jdl Ljj-^Ls S^>o liiliS'j 

. JJI j^ Up ^Sljiw.1 Oil j j Jii ^1 j^| ^ 



t 



AA 
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^1 <jjjaJI oU-jJd! ij>-j Uy>Ui« ^1 ^ ^Ij rejuvenation ^LJl S:>IpU. 
JjJa Jip ajJ_/ Jai; jl knick points «J*«j" .Li; Jic ^1 o^^L^iJlj J^tJ-l 

» imMXdut.it iL^JLUuMfl 4j>_tJLJf i Tf IU li 2 I f 

River Meanders and flood plain 

•J?***" ij^ j^' ^-^jA <JI (M 6_^So 

.(Mr ^ iiur c^u) jl^ji 

.(U JSLi) meander - wave lenghth pUii^ll i^. J^ Jto 

• *ij*^' *-^bdl 0j5i JU J^jJ 
V^U 0*211) ^j[i.\ l^JU. j o^Ji 5i^|^ oLiJI ^ ibj^ 

5 >- f V^^j>-« s^Ui5 UjjJa; Jp JUL.J cc^Jl JLp i^U ^^rjUL-l 
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A) ,3 J J5^. , 



£ 






o vjpijjs^, 




li^- 1 '- 4 > : f 




4-ltLI iJ y3j& f-Uai 






y^u Jj-*". 



iJ^lgJI S^>tJI jjSvJ 
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down t_.„./all j><J * <uljJl i«JLJpl s »^J! ,J ^_*x~o oL-wdl jy£ *j>j 

ojl^u *-jJu»j <ij— fi oU-j-u oj>£j iy>z*A\ ij^>t^}\j ijjst^\ iJ-a ^j stream 

»jlcj (^^Jl ^j>«il •ys' LjJLsA-iJl JU; LfA.L» i_w^* Ji ox - bow - lake aJ%* 
J^-Jl pb** iij>-* ivii-i^ aJ^U iiku ^Jj aj! j:I| ^i.J-pcud oLlL L^jjJLjj 

Ji* A-Jg.va.a x ll JaSlj-i-l Ji jjX^Jl J»_Ja>- Uj^JaJ A_^tJl i«%u Jyu" c/ ,^„ : .a.ll 
Uj^j oUill oL^U ■y ^^ll-'Ljj _^Jaj* ^jXllj j^la ^j YO , • • • : ^ JaJlyi 
ij^r iJ^J cs^M^' J-f**^ ^'^i J J^ u?^ ^^1 jj^ ikjj.1 LulyalkJl ■y 

c^^ cs^ - <-*~xllj ajjX — Li (jJbldl -y^ SjLp j^i r^^viuaJl Jg ,,.l| lot 



— '^ 



tL>J__>o 



j>- ._ r _$JJ JLsll.1 sUiJl 

y <ik* L_jyt ^ aulJ-I il_J,l ^^y; j^jy. natural levees UJall jj-i-L 
J*^ 1 <3>o J J — ^ "■** ^ iaLj- (yJsu *±w;>o _^J| tr i : i i U Ij.-xS'j t^Jl 
pi ^JJ"^ 1 l -r , ^ A 'j-^ 1 CjLL* ^I_Xj" £oj t A>Jia^, ^jIp If-f-'ljj iljXij LS Ji-J6\ 

1 lM Ji ^.-^ ^^ J-^t. ^^uaJl J^JJ ^j^Jl ^Ua2Jl jL? L. lilj 
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^j Lj-^j -li jlS" ^1 k^i\jJ\ C^xJ a\j^A. tijpJ* fLj! ^j jf}i\ >j_ 2j o-p- 

jl 4jjjjJI oljL,fl.>Al I JjuL jJu ^x)! u-**»<lj_^Jl j£'s U_ S" LjJ| i_sLfljt<A)Lu <U>. ** 

: Braided Streams ijAti%V jL£t*1 

ij^S oL*S Jjijj J-*-^ t^* 1 Ajjji jta jj c ipj-^Jt JUJLi _^Jl Oj-£j Uj^p 
a_^a1 oJjJl ^yi j^hj i&j-^-^- JS^\ ^Ijilj JUjJl -yi s-LaII <— wljj -y 

4-jla SLi _^-U j „ ,, gm ll4>j t oLJlL LoLC ytJC j! jLj^i JaJcvaJl 4 ojUbi ^ iwJljJ-l 

pli ^Jsu ciJJ JJj t ^11 1 jLJl j^xj bars iJL»j J>-I <>?- Ljj __ r £li>j 4j_^u~»j k*~»ZA 
tSj&j (.r^-r' '-g-v^J a* ij*'-^' ° : >-*-*~° cj\_yS J^-i (_j* OLfljjiJl <^>\j& i^ j&i\ 

. multichannel braided pattern ol^xill 

^ oJj£ CJLS" d\j l-jL-j^I U^j— «j ( _ 5 Jr jLjj'Vl ^ ajI— Jl Ja^Jl ULftj 
t-Sj^^l ^ j glaij cJ.sU_xJl aJU- ^ dj£> j\ L- JU-M U>J CU*Uj ^1 jl—fiMl 

t _ 5 * L^lJiiO—wl jl ^j^/l ^ «Lll o__ r _~J *-« ^i_r* .>*"— y ^j^i <_y^' 4-~>-L\ll 

Aj^aI! A—J !_>_£• jjjJaJ I JaJl^l ^ \ j-JS Ji*Jl IJL* j gkij tAj_p|jjJl ^yil^'Vl 

Aj^j'S/I 'yi L-JjJl cij^-'Vl l—jj-i j-Jl-J jfi\ , • ■ . j \ • , • • ■ ; ^ ^wUL^s 

IxS" -5j>-J <j-« C->oii LCj (_g_^>JLl S^JjCU oljiS /J^» ^ AjSj-iJl cl^wxiL isLA-l 

<^^Jai> a s^'Ls'-j Sylsflil jl gJ jl <uJtj L ». j «Ll! I jj_j>- PjA- uJ ^j^— * iJ-s<9 *jjU 

J^J ( Jlp jili __£_ c- n^ajj j£j\ ~*&_y-» 1 — ol£ t_A3tsflj LaJUp oal-ul Oj^Xj 

. l5jJ»«j A>-L»o <SLjXil jl <>jf*-{ ^y\ 'Ojp-i J^p i-ii!ij i_*-^ilj_pi ^ Oj»> 

flocculate oL-lij jJj ^Js- dJUi ^j iiUiNL iA-lil j->*Jl »L_« J-^'j 
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Mat- oliil JLSlil y£IJ i^yJl «li£Jl Ol Holmes yy ^j c^>Jl jjtLiJl 
p\ jfi\ «L. oj15 jii ilxJoJl Ji^i ^J^ J L-'^ 'r^ 3 ^ ^ ^-^ J> ic 
L^U _ iilUl iljil y SJJlyl l$x!y»- l-^-j Uj - Sy-Jl jl y*Jl °L» y> "<s\£ 
L^J s Juaj iiLi iiJaJl i^Jj^Jl I4** iL>U- Sy*Jl j^ >xJl ol ^ J*-*^ y j^ 
^l jy l ^j^ J^" ^J turbidity ^sL. -,LJ JSLi J ^Uij |>UJl J^ y 
L_j JJuiJL aJu^JLI "*ijfi\ oUl jU ^XJl cJtf U lil Ul c IxiaJl dj&i iiisLi 

jtf^l jj-j^l jt 6j*-& *lil (i> »j^ ° ULJ - V 1 -^ 'i-*^ 1 v^'jJ 1 ^ 
iaJUil iljll *^~>- 1 _ 5r ~_~ll y^J J JU-i jA Ui. Jjisl AiU.j jS\ <pj^, Si US 

. L-~J SLli <o 

^Jb^j S-^Jl JiJ jl y^kJl Jill oL^Jri II* u^ 1 >* cs^ ^-^J 

J5wJ ilj— « y> v-^^ - accumlations oU-sriyj «—— I_jj <u^' t^j v^V^' 

oJLft jaJJ IoJU_Pj I JUil 0^J><^ Cjlyi J^i (_s* 'Slj'^H °^— *-^ <>^J>\j bjJj- 

JU-b sjbJb^- c^ljJ bCl^Jj U>^>- iby 1 ^jj^l oliUxj-iJl c-Uj! oLiL iwJlj^l 

. bird's foot pattern ylkll *Ji ^ ^A5Li 

i*>w£> oL-J y>c£ ii~>- oJiljj J* jl ^^—Jyl y^Jl L5 i* oUlyUj ij xJi\ 

SJUuJ.1 U-Jlplyi y/3 U IjJS" Jj lO^I jdl ji SiUl Jl ^ijj Lf i_~*ljyl y> 

i_jL-j| i^L-^ -^ t^'j j-4*^ cy',^' f-Uoill Jji» JLp olj*_>*Jl oy—S' j^J (_£l 

py^\ AJAal-A J LJUi-l «Jj^3 dUiS'j t«d^_4_>- -yj Uy^- yjJl l^J*>\ >- Juij 

<Gj Jji o^Lijj j g -' l k-jj^aj e-iuj Jl^ j_Jsil ji-LlI A^aj I »^>J t j gjJl yo (Ji'jl 

Oj-;__Sk]Ij iuL-iU t^^-ljyl Jij J 4j (! .U_S' SiUjj i^^ljyl >ii;y^j (U— >• J* 
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cJ& U-f> Wi <l)j^J (_5^ -^l— *-i ^ jlJi><jNl JbJUi ^JU-aJl J>-LJli tLftjjJsJj 

J-^Vl >~~ > Lsis JSL- i ^ ^j-Jj estuary ^y^-Jbi o^_« Ji^i ^y jJ_-j 

U-L-j j-a« ^y A~ll Ixta J^-L^ ji ciL— Xil ?«JL>- J^-L^j j-^ 3 - ^ < LjJt lib 



■ r^" p^r 



^ 



->L~>- 



arcualc ,yjJ-\ jXiJl «j^li o^UJl L-g-*^! sjoJLp Lpljjt o^ljdl i^-faj 
J^l Ji« kJi^- ^_^ljj -^ jj£s U 5^Uj tUj^-Ji H^Vl jiS"t ^j deltas 
^Lx—^Nl o^IjJIj tj^ijA j^J UJjj «jl53l ULj J_jJI bJi l$x«j n>L_j*asUj 
cjI_^S J5Ci ,y jfi\ L^JtA^ f-yxj iSJi v*"'->-> i>* ^j^j degitated deltas 
cup^JI cjUlap /»! *l L^SwiLij ia^UI j*>« *aJl «ujl!U SJLi i_~ — -*» ^-jjcjI <Lw 

. ^m^J.1 lib Lj^aj c^j^jI ui»>bJI oL1*p 

_^_J| cUL ^ju ^JL>- J£J; Ju>-b jJl estuarine will o^Uil ^j 
^jXwiJlj L^-jj ^y ^jj\ jl_gJl Jiu submerged rivers s JJA ^il jl^Ml oU« 

: Vfj n- 4 ;; f f J ^ »>»9 Alluvial fans 4-u*a-uiJI ^$I>X1 
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Ujup alluvial - cones wtwiJl JajjUxil a>u dj&> -*i L*^ 4 JL-^-l 

,*-~Joj jlf^i I » LJ^ 1 (_T .-* 4C~>tJI OL-JUjP /»UI "Ujwja^tf" Oljliij! oJA 1 ol 4>- 

(Oljjl j^p- i>-L~« A^ (I (p>-Lv^>) is-j J.I /»^>t>- L_wUiij c A-v» »_>ol L^jJsLia 

Jj> Oj&j L« UL_P ^j (-pljJl ^IpI ol_ fit; Ig y\jj *^U — ^ ■ibjJJ <j~- JjJl 

(mudflow ijJ» oli-iJj") ijJa oljUfil cJJL_?- U ISI j£lj 4 t p!jJl i„~Jj_, 

^wsAAilL />->-lj) Bajada blfJl; ^j*i ^ j^j ^-g*-" tij£> ^j***-^ ^-d-***-*-^ t-j' A' 
U I^JS L-^jiJl C j!>l a! /JUL jjJ^j .(A1 _ AT ^ ^ 4 \W ceJJjil 

_^a3 lLwjS- 4>-Jjll SJpli ob£ Ifjjla^- h^-ji ilijj ^Ij Jj^i jlL>-'V ^y* j*£ 
ii*i]| J^> OOi- jlk>-Vl Jit U^u iJj^willj L^»Ja^ J __^>J ^-Jl 5Jlil ol^iJl 

. A-Slll sLdJl Jx^ o^Lj i_ «^j iJJLlij 

; Drainage Networks j>£lN - «jj"»?tt c>(.f 1 w 

: Dendritic pattern ^,». .it n jsx»i» _ j 

ia ^- ^^1 ^r-SjJl J^LJI jl -^Vl Ji^.j 4SJLSJII L^UI jj±^\ jtL. ^ 
c> a^i L«^-^ -AiljjJl ^ J^uJl li^ ^j i.Qi ^^axJ jtL. L^^i Jic 
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: Trills pattern .'i;.Mt) Jb+iM _ u 

o>*Jl J*-* ailjjl xx j t^^—jS^JI ^Jl aU£l £° sjuL^u 4_~«_jjl ailjji 

kJJl j_pwiJl £_» SJbuXa 4—i.s^l j_pwaJl jJlJj LJum~J> jy^^o ^ ^^»| jj| 

Luo ti-jj^l Ja^ Sljljj. ^ oxfj tAjjlii J^ jl escarpments oUL>- JiLi 

• ^U-l ^/b vjyu" ^JUp- l^yu ^^jjb ^^ ^ ^^JJI 

: Pinnate pattern j^juLjjJI .fa«;tf *. 

dl!i5 » — iij — s^a^Ji JaUl -yij t jlJb^jNl 5-bJu-i *-jjLJ| ^^Lp jjkuj dii 

aJ j-^ii: ^S/lj .rictangular J-kuil ij.^ / d lj barbed dh\jj] ^k ij ^ci\ 

V-* i>* c5ij^' ci./a.'Jlj Aj^—iJl j*cu> f\j-j>*^ ^ h*^ o^J^i i>°J 

(_^| ffry Jr^ oLSL-^J! Jsli! -yi SJ_j ap JsUL ?-__ r ->cj d)t "j^oj *L-»-i 'jij-^" 

. J^lj^JI ^y> Lftj-ij jl^Jil oU-jij jj^aJl f-jj ^y CjU^>-I 

stream _^gjJI < — Jj *,Aj>*x»*j i_aj »^ax5l olSvyiJ il>^>- oL*^ * «■•■■/»" -^j jij 
iJjJl oiljj -yi jjScS i_SLsi ^1 jl cLvf>- trt^JLd! ^ l _ r J J j ^C j6 - orders 
y Jkj .<$Lzl\ ij IjJlp p^\j Lj^^Jwo Js>i\j j«a3N\ M>\jJ>\ ^j JJ^\ 

oL^L-JLo Jjj-jjj t i_i) j-^axJl oL si ^s (ioj j^"'/ Vj j --1 *"' J^*i cS^-N l5~*^j^' 
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: Drainage density Ju^Altl litis -.'l 

^L^ ■*• J>jiA J-^b iojSII Jl>1 &*-** <•*—* < - 1 ^-^ a* Jbj 

o>lj ^Uiij j^J-wJl ^ ^ J 5 " ^ <J* -*~" ^-^ ^ ^r^ 1 ^^ V*f 

•y> ^kJS lJj—^j ^j^M 4_>-U_« ^J J-iljJI i^=- j>rf A_j~Jl ^-j-^j 

j^jJ-I J> Ji» V>-U-l u^-^ 1 o^ 1 -""* 5 ' 1 O"^ !a *" Ui lT^ 11, ^j 
^jOjC-3 <. i y>j-J~\ ^ AkaJ ( _ 5 l^-tj (■pljJl t_-^« A^ ^ A-Ji^ll 4_iLAl y>j 

. all j\ j _ r ^L_JaJ\ <L>cj^ -C-.LJ *~>j t. l y>j£-\ Ja~>*— « iJU*j cSjjLvIa oLiL~« 

: f _ s Li US' O^iUil oJLa l yuu i La <i^~J iJ-S y> L>A*j 

. ^^-1 J> £y> + Y^Lj ^jJ-l k~t~» = oAi^ J^-i J" 1 ** 
jSClJ! -^ ^y-| JO ujl^-ji! Jlp iS^UJl »a_gJ i^fcjll ^1 _ r ~X J 

.^-SUJlj iJJ.iJ.1 JOJI ^ ,>>! JO v l>l JuufcjU pJtfl ^j .^ 
J-zVhJj <0jiaJ i~JL ^jJ-1 Lrj-^ c5-^ tjl JT^. ^ ^-j^a^l J^wj 

^yM Jji> -5- ^^-J-l J>-b ^jL-s-sdl tijLii! = ^-^Jl J-^*^ 



-\V 



_y^l 
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i*-*sL^ jtuii 1*11; ^i C LJ! L$_^ ^i ^-^yj^li ^^i ^^Ujj 

•ki> ^Lo ^ Jjv^-I ^-JUr Jl ^Ijl oUlj l-cj^, ^Li ^ jt SJI^I 
. l«i~.l -p ^jikll SiklL ^L^U Uva>«^ J^p <J}U -y ^LjJl 5iL^ «Uio 

Lg-ill. j_ii" Uj^pj co^jO_>J.I LjJIjL^. ^ ^Ij^Jl JL>J,1 ^ oljJUl JJk'j 
u;_ / -j^l oljii j.oiiva; j! saltation ji_i)l &ajjkj ^/^l *Ja~j L^_alJiky!»l juj 

£.kP' J.P o_^5G ^Sj c L^Jj-jf ^1 ^L^l f-L$_xJl Jju ^^s- L V .J il^ls Sj-ja 

^jSJj tl — ^ j-£ p-UJ Ajjllail ^-Ljyl 4pj — vtj C-iljJlil aJUfc *>**- /j-J 5JI— ^-i aJL* 
La li| jlijj iw^ulj^yl CU>*J CJ J(J^«^> (1)1-3 L4j_o^j I /viJlP ■ > ^_ ) li^_>t3j U ojlp 

Cooke, R. U. etal,) JU • • , At Jl* UjUail jj j; ^l oljiJl S*«J L^J dJi 

.(19.p55 






^A 
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cu>*Jl oUU 4__.jli* J& ojjij ol^JJl ,j-j cohesion ^'AiU wJLj 
b^i U s^Uj i^/Vl ioiUr 1 ^ V 1 ^ 1 V.A 1 ^ Lf* J^ "^ C^ 1 t)*^ 

. JUy'lS' L~J rtJ>J-l Sj-5 oljJLJl £• JU-I Lr 5^ Ifoj-M* ^ OpUj 

lg ...?.7 ill_>- ^y f-lyU iajUil oJbJL-Ji iJUaJUaJl ob j&}\ CJ\S \i\j 

villi i UJJjjj 4*-byU *>l^i I Jw> 7«>-vajj \j~£ *— 4**aj <— i£ U-Up IaJ^ oLiL 

col j fJxJl 5jj*i>- o^lj UKi t apLj\j surface roughness «Ja^Jl Jj jJJ>xj 

c_S* U^J-f" CxShJl Aji-jJa ,_yU yjj ^1 Cj\jJC&\ ^ ciUJ5 oLjllI j~*iJ 
?r.la,..ll ^ *5cxii U iiki iiSUl 4>-Lll ^J ^yLJl *lk*Jl 4~~ii 4 oJjOj; JlSLi] 

<L^>-LJi.l cu_Ji <;_ > ~u l oJLa oilj I—US' j->-l (_$**■£ 4C->tJLi ^ys^—all ^y>j jI ^ 

•yi 4j pjjjj U 3ta ivS>L>-_5 ^ylj^gJl C->slil 4_JL»ij SeliS -y> .Uib ^l^bj ?t h - J l 

: c^ cPuL i^JLH CK ll,lilf AO^USJI 
: Desert bavements aj9<>**-x)( ii**/*) - I 

ftjj> Jj>-j J-U 4 4-»^Ul JL-oy'L iitbi-Jtl Al*ii-I JUjJl ^yi *iij <-ijJ*{ LpJa-w 
JJj1>-Ij Ja=>- j -L_5i i jJlj—gJl CU>tJl jjT ^^jLp Aa,h„ i>dl Sj^vaJl o J , , ^.; t_^ulj Jl 

^yZ jJUj «L_v- (Jlc. iuii-l jljll jS'y 4_Juj»il <ojL^ ^Jb-I -_y Bagnold 
JL_ -^3i ^U (^JL • , T) j*j>_i-l iia^^-ju JL* Jl c^_iJul l1^_>- c ^'lyk jL_x! 
' > ° i>° j^ "<-^~\ oljJJl -jjj Lu^ 4_*^Ul JU^I o^^ax^I L<uj iciil 
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. (Y • ) JSLi ^bjUl L^JLp jikp oUU- Lglvai: trenches iJj^ ^^ J^ 




i )J^» 

: Hummocks c*t$,xSJi - u 

. -u-iJ t^A^I d*-^' L r^j J " V-*-* Jr* Si j>=r j^ 1 ^IjLJI °^* ^LSj 
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jijUll ^y>- 3 >rik M-"^ r-^J ° , -'^ ai ^ Uxjl ^ ^ J 

. iijd\ jfcLlI Jsjuj b\>J\ o**^ J J "**rP~\ oUjJl ^ 

ji>Jl iljt-l <J> > ^ <^ ^ ^ J*- c> o1 ^' ^ 
■^ xjlJI Jbrj il t i-JUUJl ijdl J wlj ^lj^ j-*^" ^ u^-^ 1 
£j\ i\j\j^ Jj >JI L^ sljlj-* ,y V> ^>-^ J ^ ^'J^ 1 
oUyJl ilic «^J15 ^1 ol^AJlj oL"UI j^u L^i j&S tSJSUl 4_JL^Jl 

^ ^ mr t ^j—>^ c5t^) cs- 51 ^ 1 , ^ ,j ' ^y^-*- 1 5 ^— J1 ^j 1 - 2 *.* 

.(Wo iWi 



: Pedestal rocks -ujLtJjtf I jj 

: Deflation basins hjUJi Jb1&*i — t 

jlk»Vl cki.,.. U lilj tollUl j^ A_Jl^ iJU- r-^U oli ji?b> ^i jaJ-I 6.1* 
jLiljj -, ; , lall frUJl i_A>*j IffcLa j-JxJ Jjuj iljj j! CjIjjSxj l_gl>-ta Uj5o Ji 

.(YTY ^ i\WV 
^j bang - kiang «jL5 ^JL-Jb UjAia el^w? ^ 4j jUl j-* 3 - l ^-^j 

Ja^ij. Z* aJLj t A_-JUj t_»-wijj Ja-uj CUJjSvj <t?-l w»l.i 3 j «S l w*>lj__>-l "^ ojl — ■S' 
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jjl i;— —jjjjl J^itjjJl ^y> ?"ljjjl Jjoj tSiL_>- 4j_^>«J '--wiljj l$jL*_J ^ _^JajJ 

: Ventifacts ^Ij^Jf tf «m»J>t — —a 

ji L^vajuj driekanter ^^ Jiwil L^uu JL>-L axA>- ajj-a>- oUjjSJ iijU 
i^^LjIjJl JJcJl Sj^j <uJLjj eikanter ( _ y *~ J ,jzi>-j ^*j LjJpUj Jii s^U- isls- 

<vjL>-j 4jj_>«^li ciLJu* ^J L^jcj-jjj tiUi ^ tjKLtx; j->-Nl ^^Jl OlS 1 Ojj 
Derbyshire, E. etal,) ojLJ-1 ajjIj-^wJI jJaldl ^ sj_~J ^1 i-J>J>\£S\ 

.(1979 

: £b>M J^Af Jiifl 

^ SxiiJ-l oljJLSl J&J Ui*i jJUdl Ak^-ljj (jUJO AiidJl oljiJl JJ& 

JUjJi r-j^-Ju iit light breeze cJJiJ-l rt-r-*^ u^J c^*-^ ->W*^ J^* U^*i 
oli oL> J^ •cSUJ i-JbJl ^ l_/u Y • 5-Pj— j (_s_^5Jl f?-^' ^— *t 'i**^Jl 

L^Ut iaJjJ ^ij\ AJj*^- j! cSjJ \Kaj i j^V Ji ^. \-> 'JaA £j\j^i 

. (Allison, I, p 373) io^Jl 

: Suspension jlmin J h ,ui)»j Ji-Lt( — I 

g ... i a J^— — j l!^>- i_a_JJ_Jl oljiil r^>J\ J^J 
\-Y 




J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



JLp ^ Jao Jail~j5 Of JJ &> ^ *\^, <-^^ cN ' W J JUUJlj 
<*JIp iJ^»dl ^ Sii I4&H ^ ^^ t^ ^^ ^ ^^ '^' 

^ LgJJu-pL-. J* platy shape oL~>JJ £_kUll JCiJI J^> * il^ oliLi 

. 4^of 5j3 Jji'V frl^flL; jLdlj 4S^J-| 

jJpL* Jl ^)Lp s JjK > J c bjl< l«J& J«~- ^>J glaciens ioJi-l iw,\ll 

cu*5lyj ^j^-JJl J!)U- axO ^ySH j>= i*W> ^Li J& ^ Aij tXXxj 

a*«.Ij jtL. J liUij ^rijJJ' ^ **j_^ill t5*J ^ ^l/ V^^J ^ J 

. (Statatham, 1, 1979. P 145) j~*)\ JUJij bjji ^ 

4_*pLJi iljll -4!^^ ijiLil ipj-Jl Ol Bagnold iiy„j t jUJL ih^ 

. ijli /^ X • i_j jd2J ( Jw • , Y 0) 

."Saltation jJJLN $**** fr* J-**" — y 

\jj$ L^-*>tP- UjSu UwUpj ijiSil 4Ji>jku ^j al «Ja^ uJji Jbyl ,il^>*3 

.creeping cjb-jJl jjji? ^ ^Jao W^v.j^ r^J iiJaJl "Mi U^ V*^ 
jd\ r-LjJ! sjjpLj: j^Ij >wij J JpI Jl SjJJi dij>w UU jiaJl j^jj 

^j Jl_>-IjJ| ji\ Jp 5-l_A3j*i/l Jjjj V s^Lpj toiLi-lj i_p^Jl ^ ijl_^jJl 

-»j>o- JJLju. dl 4-JUi-l CjL»L-iJl oJl_S1 _lij * ( Xr- u Jl Jvaj H -pU CjNLj>- 
<JL>- ^ ii-ojl ajU*~JI j^ Ji^Nl e-j — sL-l J ciUij Hijj'^l *>> -bl_^j ^W^"' 
a^LaJ 5jl Jl Bagnold jJj^-L ^Ij L_*5 tiiiS ac»-jj Lcjj tijj-J r-tj VJt* 
Warren, A.,) *lj^Jl ^ Lg_pli)jl JU (^-SUj U ^j^l «ia~-j i Jtr ~S^i\ oU-l 

.(1979. P 332. 
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Jl 



p t^J^^a pbj*» l3j— * ^* uaJ ^J^J ?Ja*« c3 j* ji— Ji3l <uw> dj>5j 



<.j£\ «ii Sy liL-llull iwJUaJt jJLJIj CjULI «U" fja^u ^-c-*" '^—^J 

(»-L| J| ifr __-> *^> lw~~»lw JU^Jl Jij Jjjta 01 4-JUaM u-JjUol C~->w»jl **fj 

pl^gJl 4_ili^j oljJJJ -u-*^ 1 **U£Jlj j»j>J-' Ji« ^y-l J-Ijp J\ *JU»)fL 

i_^Uj JL-sl^l i-A-j)!! JliCiVl p*-^ ^J OjV *i\ /Db jjj^-j 

^ ^jot Js*a L^ *kj> ^^Lp so* ^jJJ 0! sand dunes U^Jl jU£3l 

i, t ?4 l _ J ik; iJuj ^^ \jy_ JzX Lj. "oU ^Ij DtiSOl -^ USIjJl jJ»l4l ^k-T 

: ^l&it eJ^J,*' *•>»"» «•*?• 
Sand - ripples JU^JI ^J j\ Z±*J) oU-j^l - 1 
j^\ ^>J~\ ij-^> JJL^JI Jl&Ml & a_Ju_^J1 oUULlj oUj-^l ^ _ 
J^L jux_^j t(jPr »Jl ^Iji-Vli jj--i jJ*- t$j» *"i.r- V^y JL s^**' 0* ^ 

c-LJl J^ **->! J>J t.^^ 1 <>i ^- Jl ' U ^ ; ^^ 'C^ 1 S -^ ^ ^^*' 
4JU- ,y i-jUU bjJbw V-^ 1 oJL * £ jU ^ *-• ^^ ' fetch C-^ 1 C 1 *^ 

▼I 
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. JUJI *> ^>- <JL^ _ £ 
.(V) jtij t _ 5 JbJl JjJLi-l y> iilli ;*-*kx> U5 Ljw iJb- I^xp^ ^ rk^' 



AA 


1Y,o 


0. ,0 


S-,Y 


Yo 


h,y 


iuU /rt^i 4>-jil ip^^o 


— 


u 3 r 


^o 


a,r 


r 


Y,£ 


-►^u i>-jll J 4-e» 



. impact ripples /oUdl *J r- j*Jl 
^j^jdl k-j-. Jjt ^u a- — JO ripple index rj*-Jl J-*L*_ ■> r/riJ 
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t\^^u JUjU ax^-Ijj y> Sharp *_jjLi iv-M j&j tSJuJji *-L>j ujj^ rj^Jl 
lf>j~*> ijJ>L> ixJjjj J^JI L^ *^->- £« L-iCp A>«i J»UJl IJLa tl)1 (((iUj^.)) 

. ( \ \A ^ t ^ ^A£ i(_jj*»>u« tijt-^^ rW' 
: Longitudial Dunes iJjkJ I £)L^I - »— > 

SJ^-a'SM L5 j jjjM I f-l^pc-v^j ^oj-jJl S^jJL-lj jSlj-Jrlj W-^J j-*-* i_s* S J^ ! 

j^Lp ^SSjLc <Ubij C-w^iIj^ oLkii! 4j_jXj.l <L_jJu J t^Jl ^ jgk>" Lo olpj 

. A**m\j <L>-L~« 

i^j cJj5j j_J iJL^Jl uUsGl -^ J»LcVl oJIa d°\ Bagnold jJ_^j^>-L ijjj 

^a pjli JSC>io t_^: ajj_J £-L^ dj-& helicoidal iJ^J 4_oIja oIjLj &jjJ- 

j-LjJI 01 tiiliS' J$\ Jij t£-Li_Jl oIa SljU^ ^ La jjU><^ ilJll«l «^ iJ>tu» o\J-\ 

tflty JLp J^JL ^JUij J> ^J5 Jl ( J^JI) ^UJ.1 JCiJl jy S^ULl 

. UNl U\2 £\jj aIsa^ i_j£U ^L^Jl J£jjl ^aj dJUJbj t^^ 1 ^ 

Jt^ <>« tiiJij ^j^^laJl fl* Tibbitt cuJj McKee ^L. ^y J£ jlS"! Jij 
oJ^y^-U ^Ij Holmes jly> JlSjjj c L _J ^jy- ^~>^>r iJLo^Jl jLi£lJ L^x^lj.a 

Ajjly wXii: ^Lu~~» oL»L>- JSLi ^ iJjiaJ! OLiSCJl ,y> iLJu- Oj^oS L^*.o istSaUxo 
JjjL>J.I Lt jjp oUS" ii-JL- -v« ptA50l IJLa* l5 1p NLta ^-jj-ibj t SJLSLJi fUjll 

U ail — P <bjlp Aj^o^a 5-jJa^< <_y2— *J jjP L^asu J .,rt aji ^jlilj *Lj_/*j1 elj— >&vaJL) 

. ajjIjxaNI SjIj^JI oljLxll oLi i^-^^j Uj L^x-j iL5Ui« oliLJ.1 OjSJ 

tUU xiLiJl j^-Nl y>j oUlfli-jj ^1 L-^Jip jikj J^l J5^l JL^t 
^1^1 ^ jIjJL_>Uj OUU- <d J5d)l ,J!>U i r *-iS' -^ 5jL_p aJ aUJI JSL\iJlj 

j^> yu iw~~vJ 5-LaiSJI i jl >• ^w| A^^^S Jl ?-uJJ 4>-ljll L^Ji u_^jl >-l 'Vol .,^?^a 

a>cX)_j k_jLwaJl < JL>- j^i ^yLtJl iwJL-i-l Ul trLi Jl »_ jj^a <— »t«*j j-L^-jU <0L»j 

Lajj tJLo Jl «uJLp JL^Xj L»-^2_ju«» iwJbi-l IJa Jj5vj Lo-Lpj t^-u Jl i_i>»/iX-o i>xj 
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ji J*-«Jl ^^U djScsj <V^ ^ W ijj-JLp, ^L--l) A_i ^ 
Uftj tSasUl C IJI o^^o oL/l J| Olj-i. ub-U>-- jt horns oUy ol^Jl 
ol>t uL^o U-«Jl U5 t y UJl ^^w^ «-*^=^ ^ ufJ-*" -^ ^ ^^Mi 

( \ A) j£Jl y. jUi gjc, LS Jb> J^l u-jtSai iUut _ ^ 
J^ Jlp f-y£±\ uL^o ^ U LiLil = v-i^aj JjUl jj9*il - 

. J^l ^J^JI ^*> j-j L. 4JU.I = ^-S&l ,>y> - 




Jjk Ja-j-« - — r — 



jLjJI <_JU- 




( jt^JI) J^ll w-i&l jUI 



. SWe^.^ 



tf 



SZ? 




C^/ 



rLJI «UI 



V--ix 




(T-)JSA 
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. »U!I jlJu j^ unidirectional wind Jb-lj «L£l ■y ^y *-\jj ^y^ - 

.jiSljtl^u i- -j 

J_j]» ilijj ■A-ij tjjJysU o^U-JU—a iiU»[ ci-ijJb- a^> (>— 'Lw-yaJl) ?-L>jJJ ytiUill 

yfcUiil t_JU;-l aIjlJ! -j-o JUjJI SJIj^j j\ <u*_i ^1 iiL^al! JU^JI cjL-^S" aUoxj! 

slip - jL^jMI <^jj <-*j*i \-° ■&_?&> J-^^ t_sty JL«jJl jJ ■£• ^^^- jl '^* J ^''''^jb 
LuU t »_~Jl (^Jb-I yy V-t^" » w r*-J^~- i ' Cx-*> t/Jl (°) r*Jj SjjvsJl £^-!j • f ace 

L^JlSLlIj I ^U«— ;-! i_i!Ai>-L> ikJL-Jl oUU^^I as>j^i i_ibjio L_« 5iUj 
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(6 ) pS j lj$*a 

sjbop ^j_>-i Jl£*if A>-y iLUI i-^jl i-Jl^l JlSCi'Vl ^Jl> ^jj 
jXis o^ lijj i (,) Uij>-j JJL ^1 transverse dunes i^^l <jl~£Jl Ji° 
•^J^" tj* ^ g - .at -i Sljl _y> ^ Ji_Cj ojlOl^Nlj L^X-fli J_v«-j3 iLJL. J5w ji 

. AJl^jJl olsljjJl y> A^Ul yU-l ( _^aju L^i 

ox. j^J oli j-Uj oghurd wJl 0L-i£Jl Lit aJU^I OLiSCJl ^ 
0j5J Ujj ^LjJ! «Ui| jjj J| L^j& ^^j Ujj tJ la>JVl SJbJLi sax* e- jifj 
. U>o- j/i"! jLiSO SjJtva aJLoj Otis' /»L>bxJI j^ c-^J jS 

if- <]*> ^3 <-jk.°\ XW L^IajI jjUi ot jXj 5jJj U^j jUS" ju^jj-j 

Up JU^JL *L*J| C LJ| ^^ LcXp JXJLo-j iiUL *J>; UL^f >l ua 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



j*^S Uj»^ 1^1 MJ iiLJl Jl&il iJLju ^^ t( jUil s^Jb^ ^ ^l5Li! JUc; U 
fcJl obU, Lji* ^Ml tyj-] iJaJu" £> s J^LJ! ^Ujt sljl^. J> U^jU^. al j^l 
JlxJLj ijjMij JL^Jl iU>Jl c LJl aSL^I ^i oUi jja JJujuj ti_Jb>-Ul 

. ^Ja-Jl ^Ap AJ_^ii-i ^^^p J!Uj ^JUl jfLJl jjUJ! JU Ig.,,, jjj 

<il>><»iW Ctl.Uit) : LumL* 

: u l»li.tH ^L&IM 

ojJ_>- u|_i dUJJj open system iLp~j_^_ill JiJl •y J>.| !| jl_*j 

VJ *£.^° J**'' — " <-5* *>-kdl ij^i tj^wj (YY) *ij JSLJl ,y ^Jauj 
lloj oUS" i»jia>- _^M 5jL^ ^ J^V lSjLSJI »^ t>t off shore Ju*Jl j_^i>LiJl 

g\j-/i\j ^\J\ ,J j^JLs-l—Jl fUiJJ A_ilk]l ^ inputs c/^U-Jdl Ji*3 
«^J Sjjoi-Vlj longshore drift ^J»LsJl J^i? (JLp a^-IjNI 4-f>>-j jj^-L? ^j 

els' lil l^j gjJl jlj^Jrl ,y> 4--S' j^-l i-iUaJl L^Jl oL-vij 'Uijj iuL5 iaUs> ^JLp 

jJiJl ,_^J V-™= 3 ^ 1 ^t>Ujdl ^ jL^Vl oL, ^ i^^UJl JU^Jl ^uJj 

/^ surges <o >>«— Jl ob-lA-l ^UJl Jl — °^J| «i-* ii^ps^l *x_ij i^-IjjoM Ja>- k_AJi>- 



^^ 
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iijUkL, cft\ Jil c^\S o[j shore line ^>Ul J^ j±- v^J! £>LsJl isk^ 

.^IkJl ^ ^1j>J ^JWI ^jJl input 

^o^U-Jil <~Z ^-» <5U* ,>• out P ut u^ 1 — 51 f ^ ^ C/* ^ U? 
«kJj,l JlSLiMlj Ae-Ail oljUJLi i4jS> Lilt s.,^ <y L*_Ji~ <^ dilij 
j, JL^Jl JuJ c b^Jl ciUj5j n-^U, f lkJl Lj-U- J^J- ^Ni J*-iJ 

j'MJJt -^ frictional drag ^LSc-^-Nl j-4-l Jj>> ^* jrlj-^l j&5 

jJjS ^15 dlJJ^j P-Ul J[ *\^\ {y S-ilkJI JUxJl «j> oJtf 0L? t«LLI ^k*- 
, J^\ J>- Ifcilj*- ,y j£ <J "^^ ^^ wave generation ^yi\ 

,1a (jjjUjs l. s^Uj t^-piij if->s J- V-U 1 LiU - 1 ^j 11 t 1 ^ J -"* ij - 

. I^JWa ol&j+l J^^i ^JJj £laJL L^lS^-lj *U*eJl •Ill 

lSj>- Ai-JbUl ^ c l r Vl ^j>-j iS-^l ^J^ 11 0- ^M» -r-^ o!>U! ip ^ Jl 
U ji i^L^. iiJL- JO ^ L^Ui f UVl J! ^r-jA' ^7^" U W ^Jj^ 1 
,; .;.<li sJL^, ii^^-i *y IfJWJLj .Hi uls wave train g\yN\ j^-^. <*j*i 

The wave Iransimil energy iaUtl Jia N W^J 5 - iWl J^" J^ 3 ^ 1 -; ^-A U 

. not matter 

m 
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4c*^*){,c -y. JUL JbJj Jaii fill «Ja~j J=Vy L$JI liiliS" r-lj^Vl ^CH. ^J 

^j\,„h » JLJb^ J g-lj-^l Jjj5 4_ik^ J^b Jj_^ jJl ^j sea - waves 

<ULil J_ji> il Jw>l_j aJjJl aaU^j 4__>-Lj: r'j^' -^y ^j^j r^>.J\ »y -^.P'j 
Jj^> jilj UiS" iljill AiLU.il iLj: v^>- t ^lybU SJJj^ii ^-Ljl Ljiy ^ ^1 

. fetch <iLJJ olft 

3 «i i>-jil pL_iJ jL ^-"LUj _ iulSOl iiUaJl : 1 jJl5wi r-lj o'i/l i5LU _L>-Ij'j 

i>-jil J^-b 411 ob^i ^IjJI jljdl Lj^waxu - *--S'jJ-l iiLkJlj t^lil ^Jsu- 
J=>LiJl Jjj_i oLJlS "aSj-j>- Jl Jj/ L^JLi l£j~\ ^JlkJl U <. orbital motion 
j^«Scu Lgjujjj Jj»j JsLlJI ^ji i^^woljJu i5j3- Jl J_ptjj kjLUJSj beach J^JI 

, 4>- Jl 
Avajto^J.1 AiLlaJl kUli ti^^'j 4jiijjl AiUflJl olS J>-lj_~Jl j~J: L^-jjj 

^1 Lfa^—i. jtLdl ^ Lgjl^l xs- ^Ij^-j i>° r'j-^' J* ^Jv. L> J"^ ■y 
cLUi i r^ f ~ i^jJi^xjj t Lft^wSo <ui>- JiXp L-LJI i>tj aL£ jfL pm-^lj J^-^j J^-vij 

, ilLkJl ivii>xX« Jj-Ij*J| Jj> 
•jSy J ^^^JA k.^-Jl wave refraction aj^xSII £-lj__«Ml i_ilj>JI jl*jj 
4i>waJl iJttLiJl iikil JJ> Jb- obliquely J^ tt^^I Vj^ L>Ju>o cLpU? 
i$}}l Lr Lhj-pj oliLJ-lS' SijLJl aJI^jJUI ysLklL L^pU illScs-l dili ^^ 
head i^j'jfl ^j'jl JLp L^Jj—S JSJj '-^r 3 - L$-«_»i j^—siJj Ljilj^l SaLj Jl 
SiLU jj^l Jjv5jj 7^~j (j^j^-jjl ouL* pLoT L-^wJ <a^j«J| oLil uV cUJij dands 
iijii_>tXfl isLla ji=>L\* oUJl=L| jl^ di_Ji ^ l j^J>]\ Jpj '^y Jp j~&Z> 

. <L*>«-» aJls-L- ^lUlia JJlc iJU-j>- 

.(JjiJl JlfU-jNl) 
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: (Y • J5Li) Berakers ^icJl ^-I^V g\j] ii%* Jb-jjj 
: plunging - breaker jtx**J¥f jujuu* 9) Kll,m » £$JLM-. 1 

Laj^-^o J^S- lZjJ&*jj t(L>yij ^j-xl^Jl) JjJ-iJl UjLbxJlj oU-l l^*i J:^J 

jjiJlj IgJ ^^A^'^JJl ^LiJl jj->w L5 1^ yjj br «-*** JS^ij islkil rjj>- 



(!jO*Jll)'*kJLJI «-jll 




i£-Mhr£\ 




*3*jL\ j~Si 



udl o.jli 



m 









jNb ,y> If; iiJ^ri ^J i~i>LSJI ob — LI ._■ 



(rr)Jtt 



. l$_ji; i^-jll ^j- Mil CjUjJ>- APj~. JjW»3j Lfl^ _ r wai j 



\ \i 
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: spilling breaker *L£juuuJU g<$-9VI ^liH £*iJ'- f 

. l yJ6d.\ ^>UJl JIp U^5C" -up Lo *l_^Jl £j> ^Jij cf^ij foams, 

: surging ajj-»»*J! wU-»» > . if > £)$••> — 1* 

jL^j' Uj^Si; dip L.^'xlj <.4i>LJl r 1 ^ 1 " A -*i} 3J . ir}y^ "^ t~^ ^ 

JjU j»Jl (_5j^j J- s j-r^ oL^ jUcol U^io u^-^jj i-aJ^LJI cjLwJj 



. jjjU-JI f" j-J' 



jUI 



lb-^1; j! U^Ujj tiAJLjJl v^-^ljjJL ijJjj l$JU ^Ij^Ml _ r -~ -5oo U-upj 

. <uU r^Vl /^l cr^y^i Ls^ ^' l^ 1 ^^ 
bed load f-li iJj^-oJxS Jlo La v^lj^Jl jLi jl^Ml ^y JU-I y> L^>5j 

*S^- c^-L^aj U v^^-j dUij (.swash ^UJl ^ ^\y"^\ ^^-X iiku ^ 

»jlp « ^ Lrj Sj-^SHl 4*-jll ^ J£ LJilUJi iJjxK_J-l OU Komar f'yjS'" 

pill ik^l^ isrftuil LpLk aIJi^_^I i_JL>- Jl i_^,Ij^1 ^ixJ £UJl ^1 lfJ_^>j 
j„ScJ! iikj: ijUiL L4L0 Jil ol—^ljjJlj i_j| J Javs , V! ot L5 ij-^Scdl iJU* ^y 
o. >-j^Ij -^ f^ 1 (^ £j>^\ J^_j>- j^ La *Jj*i-l Jii jWo vl~~ surf zone 

iko.!^ near shore ^j^SI ^kuiJl y i_^-lj J Jl -y. l j:r -S oL5 Jioj 
J^ ^WL-SJl J\ ^\ r ^\ ^\jS^ "<->^> f* II* j ij^L-iil 4>-lj>l jLj 

C-J15 lil L ilU- ^ ^j^l ^lj)/l jL_J Ak—ljj 1 -b^* t ^hj£ &^.J '<j j^l 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 







(TD,JljJ«. 

i>-j^JJ A>-ljJJ (**■*•£» c1jJu>- U lij Ut 4i_— iljjJl i3_^ iis-j^i 1-LJ JULiJl £tk«o 

Ji*j ^s-LiJi ,JLp i_^u!jjJl JU oLU_p J>-lJb <y U;T ^Sa U o! ^SIjJlj 

High - tide - and - low - tide jjJ-'* **' - *rf 

L^oJiJlj Jj^aSI ^SU-I v 1 ^ -^^ *^' ol>»kJ.I jl jL>«Jl oLa J oL-L X 
dur- ^yjJl gjJl y>j _ Jj/Vl £>Jl :^t <J%' J} j^lj 4 1 r^J 



'J Jj-^J 



\\*\ 



J_>-l 9 J o 



naltide 
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J^Jl^LUI 






juJi; 







^jUllvJy>^'li*-V 



5f Jf- 



ty 



jiili 



(Ti),ijJRA 
sail ^^ ^i d\jy>-j cjlJ-o -us tf-)jj>tj_j semedurnal tide LyjJi k_i^2J _ 

. laJtxJ" 

. tidal currents ioil oljLdl UbS" (JLp UjJb ^s ail S5j>. 4_vo-aI j^j" 
_y&j 'jj4-b ^ Sy>UiJ ioLfil u sa5{+a£-\ ^a tidal - range <_saii <3jli!l Jjuj 

estuar- iL^Jl oUJi-| If, ^iSu ^l i.jvjjd.1 Jj-lj^Jl ^^Lp L&Lj'I ibjj ^j-^ 
( \ \ , "0 ^JjiOl J>-Ul ^ fundy - bay ^xi ^JL>- ^ aUaal J-^j d^- ies 

(^j^—vo J^^-ixiL a^-Ij) ^ , ^ severn (Jy_^ ^plj i^aj ^i J-^ajj 

. ,y jJl IwivSJ JaUiJI "j-4 (l)Wi>-l lift J^-lj-^J (l A ( jyi> I \ ^ *\ ^ l_» 4~~>t-a 
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OL^JiLlj oU>-^Ulj S_;_st.LlJl Ljw'j'VI jjk; ^ (_ / __^__S' Ijjj, i_jJl; ^ 
J_,a/ ^ L~_ Jj ^UU ^^u _ ^ail tijliJl (^t „ 4jp dUi i_JU- J) tlLU-LJl 

*u>-jjj_ijj-«j : j>- ^^Ip luail oljl—jXJI J>\ JjmU^ 'LlUJl Js>L2jJI jy) -jSUjj 

^lj_«bU j^^U-j ^ill ( _^t J Jl c^ail JjwL^ ^ jj — sL-lj All jl_pL_«j ( \) 

.l-jLuj^/I ji o>cJLj pLSU <uh Jj^jjJl 

l^lLjwi c->J ^j, Ijjjs iL^viJl 0L>JiL| J>-b iiJdl oljLJl l-oJg' (Y) 

inter LikLJl ail a^k. a Js. olU-lj JJJl ^Ui - jjj-lj ail ^^ (V) 
bor- SjUJ-l <_>/>l>- La SJjjjJl ajj>«_J| *L>oh c-jii^j a_Jw ^J •j^j tide zone 
br jj^wall c^_xi; l5 1p J^j> 1^.4 _^iSdlj . a_lJI ol* ** rowing- organisms 
hj£ ^ja>- J^ cJliiLlj JJJl lJU; ipjj dtiSS tL^Jljl ^U g-jj^l jlpLo 

: JhJl jJaLdl ^ If*.*! Jjujj 
. aird and semiarid coasts AiLLl "U^j **^r' J^Uil J/^-1 j>~» - 
. out wash plains ^JlJUU <j-.> Jl <J j>4~« - 
. sandy beaches iJu Jl \Js\yd\ - 
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J iljJI J >J2J jJl oljJUl lLL^J JL^I ^->l ^^Jl ^3 S-^-Ul 
JfcS Ji jt l y>J a -Jl -^ j]-^? JJ jl ;(>2Jl a,>) ^^> *jr^ ^'>» 

^lj tSilji—^J) La^j h>jJ^A\ jU^Jlj ^tL-iJl ^ Sljl>» J iJ-^ 1 

oUu_*Jlj» ^j'Vl JlOl i_jLu<aj ^ (.J-^uJ 2-UJ_* oUJJ=ua_» -Mrjj' 
•>LsJlj lore line ^UVl ^>Ulj back-shore ^yiU-l ^>LiJl <> U^-Ul 
^jij coast line J^LJl .Wj short line *J»U^\ ^j off shore. x^Jl 

oLL-**Jl ■ « : --.^ -1 p-bk-j^J L^ near shore ^.yJl ^UJJ iw~Jb 

Lvajj 4_J gw>.„ o ^JJl ( Yo ) ^j JSLi ^ U_5 U^-LJI ^j^Jjj^jh-^ 

J5 (_$l t_^x_Jl oUi contenintal shelf c^jUJl Oj_i^l j>jJi?- ^ jJ^J <vjt ^^ 
(_5jUJl osy^Jl f-LjL 4JjUlL) ^uUdJ <ow? j-XJ l^lli i±L!i Jbu (j-jLJt oUtf-U AAlaXji 
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: Submarine canyons jji**r 0) 

^y, lyr ^lil ^ Ji*j d\S <uU JsJLI JJliU il j^i cS-^'j tU*dl ol/^l 
»U ._jjw> ^ f-U"jl cijjJb- JJ _^J1 llfl Uw ^1 t^^f ^ i„^Jl ^ f^ 

, L>-LJL! t£j**i y*i" ^j^-j J^vsUl 

L$jt ,5_p t JjLJI j^—MjJiJl >jp IJLju «y»»UiJl aJ-A cUJ j_*«aj ZjJoj a>-,^j 

^illj j_5"^l L^Uyj^ j^-^o" turbiidily currents ^^k^a-* *j a* ol^LJ £& 

.•>L!JI 
: Beaches -u-U^J ^(jjuLn ( r) 

jl\ £o'}\_p •jjjj L_i i_siji>«JU Jj-Ij— ^j ^yip aiC «Umj i—s^uIjj j_jP SjLaP 

^jJLp LuU! UlSLi ^ ^tlj-iJI <>Jla -Ujuj"j iS^jil dV^ u^ 1 -^^ t^-A 1 
low fre- ^yaA^u aj olij iijjJaJl fljjMl "^ eJli" li^i ioliJl r-I^Nl £]>it 
isrjll Jj-^j JJ g •"■J ai JjVl JLj>-j1I £~Hy' Ol* <1LjLi «Ia ^yli qucncy 

*->j-^ ty c^" ^ Sj> ^ L5*^. constructive waves aJUI g-l j^NIj <Jj*> rj j-*** 3 " 

.jlJi>o*yi JJi t _ s JLo_ J Ji [^ULiJl J>j> *-j-Xft ^L$Lw» ijj^Jii* 

high frequency fJ>jJ.\ ±zjd\ oli Lmj«~S\ o J , : . _ ..aa,il 5y>jil r-lj-^l Ut 

•y *~^ij* y*^ y*"^ bars 4_J»j j^>-l *_?- jl cjL>L>- v_j *SwJ ,«ap *Li*t — * ail 

LSCLi ^5 4_i_jSvll 1 ^AiljjJl oJ — & *J.X_j i^. j ,. ,.„>a..Jl A . si . * ^jij ity* 5 ! — -iJl Ja-P 1 - 

. JvauJl IJLa ^ SiU 3j~J ^jiil constructive waves iJUl 
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lil>- [Jvll}\ dj^ U jcs- Jdl f Lo1 J>i t^iyJl *lu ^y ojjp jj+'j ^1 v*-^J 

<_s^! "JJ^ iS^Ji ^ JJ— ^-vaJl oULw> ^j> oj^-SoJ r-lj— « il i_J_ jr ^_Jo till ^wb»rj 

.wjL-j^U J^ r>^'j backwash ^Ltfj^l aJL* ^wi 

JUbj t U_jjjj^> aL» /y> ^i»l — iJl j^pxvs ,i^j^>c__o 0j5\j j_)>-i ill*- ,_ySj 

sand spils i-uUjJI iOjuuVl (r) 

bL^I ^^-JJ ojJu>- /wo tijji <^l_dl i>-ljVl oLUp lf_J 0j& t _ 5 xi\ ^ialjJLlI 
boy: hurst-castle jLJ jl_*jj . ^U I oU j-^Jl y [y>-L«--* J^A; Jy*LsJl 
^yJl JU-JtJl ,y> <-_jJ=>LiJl i>-lj)!l jj>5J ii^>- recurved Lx>»jJ,I <LJbU lJ~>- 

(5JJlj JpL_o ( njxJ ) ^ij y SjJiL^ (3^-iJl Jj i»L o OLJ L^ju t<L_>«^lj 

Vr-^ 1 v^'jj' *** M-*l>- tj^-JiJl _pj j^LJJl 4>-lj)!l jL" »U£l £• 6j^ 
o^l OriJ ^ 'J^ ^ '^ '\rr- ^J' <-^\jJ\ Jlr jdl SJU^Jlj Vs^J 

Cusps 4,Ihl u.i) CiLLuU) (t) 

<y JL&Ll v-'jj a- scalloped ridges s^ Ju^. olil» JSLi ^ OjSc; 
pJiJ Nl*«* l^__a JS Jic s^Jw^ 4j^_j|i ^Ij^i L^o Jsai_j| aaIx^ fUj^-l 
0U1J.I ^ •_^ Jj -^ ^y.| Jo^j ^^^i iiajj^U gj ^\jaH\ £fr\yj 
f U xji a> j t rip-current ^U jL^" j? jLi jL-J J5^i _ ilJJj'ill - IJL^I 
,>L. ^ U Jj4 Ji ^.j t^Ml ^" <Jik^ ^ U^Ip g>U ^.|_p. olu^il 

oU^^Ul -^1^ ^ j^i^i J^ ^^ iLL^jl JlfCil iiUj . ( . v 
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•j* lp* 2~j Uj r'^ 4 ^ 1 £f'/J f-t-Sj _ 1 ' 








Coastal cliffs iJU-Uuit Ji^Ai 0) 

under cutting ^JXJ\ QAiJkM 5JUp (!) 
ipij3 ( _ 5 L_p oLJJ hydraulic action ^^SUjjJL^JI JsJ^aJI L-U JaJ^j 
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: SSn^" 5 *: 




i^joj^ ) 

*2"U*JI 1 9^ U™i<LK-s^J L^wUj C w>TWI rt . >tJ -J^U^Jl }l**L>aJl AS>" O -M.2> V , ~JUjU Q t p ! L%wi 

Shore- platforms (jJbLuUf iiu^ji ( r ) 

• 9 j f>-l *j>-i_y ajj OjvvJIj 4 iL/'jV! oJJd CjjjJaJ .Aij t y>t Jl j>«J Jj~Ui> p-Isuj 

lAjjS^j] cij\ — U.4jJI "j.d Ukjjpj -j-l toil J »ujj cu-LSwj' Jj LgJ! L<» b c^uLJI ol/ 

( _ 5 x>- (Jj^L^JI >J yU sJ—pU jclp high tide mark ^Ai'^l oil i«t>Lp -y* Jdj 

: £.<sh( 4j51j ^Jl Bird J>**J Lijg «>ij i M.n»i( *LLuaj!*ff ^m <i i'ig 

^ysj t^Ul o^illj w. quarrying ^yr jll jUeis-^L aJsj-j^I io^/Vl (!) 
oLb5C!l ^i r'.r 3 ^' ^-^ <Avjjt jl tidal platforms hA\ iL^jy^ wiyu" ^.dl 
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isujjj L« Silpj (. h j>^aj\ obxAll J>\yj r-\jA$\ <ulk; UjjJaJ' Ja-J .jj 4<LwJlAll 

. Bj.«jil «uytll j-Ijji^I oli A>-lj^JL ii^jMl oJu 
: wulcr layer weathering <uJU,l 4> y**)! j^ k£hJI aa^s /Vl (t— i) 

U ojlp (jJwUiij rtJljJI .k^XJI <£y — ^.t "u* ir"^ V'J"""" '^ J> -^-jj Lo UjJta idUJJj 

U j j ,.. iJ l5 j oI^La jJ-^j Ap-Ij^jI ^jA^j ^ j &™">j • iJWI Ail A__o^A^j -laJjj 

■ c/f .Afc^' CoxjJlj 2jli^fl 4As«>jl (-if) 

oli J>-Ij-a< ^yL-p _^JaJ'j low title jji-l ^_Jvjt Bird a^ L-^Jlp jjlki 

ijjS>%*}\ *u>- a I 'Ux^l oj C*>iJI_j 5_jli^( I ^JUju LuLwl UujjJaj ^4 JaJjJ'j tUl^loM 

J» L^'X'j *• Jj^*^ O'-^" O y^ s * MaA>c^ yils ob ("r'i^^ 3^*-^' *^— ^ cs" ojLa»-I 

fringing SJbj-jil yVih *^>\j Jj_«j U $1 V^y-I a^L-JJI 'kk^>jH\ s-yJI li* 
^ ^ <\<\ \ t L_iJ)il «j»-Ij ) h r J 7 \ uJL>JaJl ^klj-i A-ivajl dill-S'j reefs 

.( WY _ m ^ 

j>*j l yxsLlil ^ ojhi IJUfJj n«ji**aJl J^La <y LAj^Pj J^UIIj iJj_JiiJI Jia 

U AJjSL* ^ r J 7 \ 'itS L yS>- JAJI Ajl_gJ -yl Aj^vSI J-^ljJ wLjJ-JJ *i£j tJflMjJl 

v-> i .ij—tw Jj Jl-juj iajjIc- 5>tJ3 jy; «j^ p ^j hlow hole ,j*dJ.U tJyu 
.iU^-ljJl ^Ldl oli *j>sxJI uij^SUJ U-iy: 4jjJ^.)il AX.Ar ^L. "Jh^ 

cu^Uilj ^j-lyMl uijyi-l J>-lj— ^ cu^Jl ^ UUI olyUill ^j . ynJI 
^J } ^L r J^ oc^-*- 5 JJ^' 0* £^. J ^^ au * chcs antl slacks ^J^ 1 

C^Ll,.^. v,^-^; c."/**^ 1 '-i^ 1 >-Ad-w jl^i Uj^Pj yx-Jl oL. ^ ^LJ Wjl 
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■^ ojjP -j_p ^y^Udlj genetic classification sLidl ^L-l ,_yLp ^Jllll *-jJiil 

: ,y> obi xjjI ^1 Jj>-Ij^JI <ui [v^jj oLijJl ^^Ip ^jLiyoJl IJL* -two 

: Submerged - Coasts ^UJI \}>\jS> ( ^ ) 

. ( _ya*Jl L^vOaJ SjjUt* d)l>*i>- J-£>i (^* jJ-jJ l^I L[jJl J^*"'^ 

: Emergency - Coasts j-J-l J>-lj»* (Y) 

J>-ij^< ^jIp o-L>- L_<Ji« xiA-l *jli[ JUj ^yjijj A_ij JLjjJb- j* C~>*XJ 

A>j^J c^yo" Ja-lj>«. Jj> _^_y" Jlj i. xLjjJ J^-lj-w ^ybu JU JU-I LJb. 

i_s* V^J j^'-P" •il^2_«l £• lg~t>L~j Oj~Jjj>- OiP j— i-l J>-lj— >«^j 

. lagoons U> ol^-^j i_Jt j_^Jij jl^JI ^UJi Uku 

: ^iL»_*{ r faf$__i(t'') 

. ^jJU_Jl f Js>ljJij AJlS'jJl 
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. <hLJ\ oliAJL 
\ <\ iA — Shepard ■»>*-*** > a m tal — LJG 

! Jb L»Ji jLvOX^-L; v^ijlvaxJl IJlAi Ajl*2jj , t^JL/9ji\ ^S- XttZ/u 

fU_jjl a.« o__j*^ j, S ij'^j^ c~>*j cjI*L« — p /J-"- 4 ; oJ5wJ A_>-I_^a>i Q w 

( \jj\ ) SSjUJl jlfiMl J*-lj*" ^j* J^j '(jr-^j^j^^ *^ J*^ H kJL ^ tij--* 

. fiord ( ota jjJJI ) oL*a*_j ria 

U-lj^j OL-i&l J^-'^j kJJLJpl oUl5jJl J>-lj-wj ^o-fJl oNUJl Js-lj^ 

MJUoJl J^-'j-^ Ji— • *j— ^J^' olS'j_>JJ i>*-_~j C-1£*U J_>-1_^ (I) 

: ^i ^tt.ir.j l«^ii»f j^i^ouJi - ui^i 

J^vdl a^ Jap jSj <.<jj>Ji\ uLj)I oLLju cJ5LtJ J>-1j>^ (X) 

( no t nt ^ ^ i \<\«\n 

-JUl \<\oY ^ Cotton oy^S" lJl^H c5>-Nl AiU_J-l oli^dl -y»j 

: J)[ jl^-l p~&jj J^- 1 ^ 1 (j^-^ iy oLJy5c]l jjl <ui £-fj\ 



\n 
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(. I J~ 



i^jjjijyi «_»">la oli J^-lj^j tj^JJl J^-lj-** :j»Lil Aj^C Jl l_j*-~s Jij 

$s>- (_$iJlj HoY k~» Valentin j^\i v_jLuaI i/f/^Nl oLLuaxll j*j 

n^^-jill cjLJLp ik^l_jj progradation jLLJNl Jj ji jl~>«JNl Jl ^ry, -vi 
c*>*xJl ^LJu—p Jjti; 0j a, ^57 jl Jj>-Ul j-as- Jl retreating ^-Ij-Jl A^-jb 

A-*3J 0x\ { J&- i_^jtv2jl /w« .Jj^T L^ » 1;; ^ ^TJ- 11 ; **"WJ' Jl>Lial $Jj£j 

: Jj U^i rt-Jzzj U^ oUls-j 3>-lj>-j V^"j^ ji 3 ' J! 
SJbr^ll U^Ui Jl£jftl iuJ ^ : frniging - reefs i*iU.>M jJbVfl ( D 

6jj-s<jj -lie J_ 9j j_rr' fl ^'' ./S-^i ij'^T'j—' *— *h*°^ J^J J^L-iJl -las'- <LJL^>'!)U 

. ^1 1$^ ^^ Jy I Jll 

4jIj^I jjAii ^tkJl Ul t5AAj _,^JJ 4>-ljll <JU- jl Jb^Jl AvijUxA ^-fcij i. Jl* 
. U,p\\ pU-MI J^ c^JIj ili)ll ^_w ol^lj J^aAJI Ipj ( _ yJ _Jl 
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. j.^xi J ^*>-Nl ^p^-Jl l>-\^j Jli^>- JjUa* AJilaXa ^ (JU-I UJio 

: Atolls Lju-^i iiLiU.1 (r) 

J.b-I SJU-Jll LJ.5 Uj— S^ij^- oU.U-1 oAa j.«j c*I>w9 °.tt-- ? " e -! U-W- 1 yj*£- 

■uWjJl o^-xJl J^>J *£ H ' ^Ljs-^I Uj^-U- J_>1> £L ^Ij i_ii 'Jlii ;_)>• 



NYA 
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Atmsphere 
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U^j L*Jbi\ iil>Ll t-ljJOJ *~~?J\ o^UUl <y tfjUJl ui^UJl J* 
„^^ ^ LH» .IjJ V U5 lilj c^ljHi aJ>1I i^Vl oUj£* j- L~~5j 

• L*j^j j^*b kj^JJ <■ £fVJ 

JjJuLl -y. villi gJCj U_5 tOljWl -y SzA>- ,y cSjl^Jl vJ^UJl Oj&i 

\...^ \j tfjA-l J^UJL v-cV 11 oljUJl Jlp J^Ai ci^l (0 (^ J cA^ 1 

jjUUI tiiUJ! olijSU 



iijd! i«-J! 


jUJ! 


VA,AA 


N 2 


uyrjr^' 


Y-,<U<\ 


02 


1^^^' 


♦-,ir* 


A 


0jr-j1 


•,-*• 


CO 2 


^^_^1! .Xu^S'i ^jJli 


•VMA 


Ne 


6j-J 


♦ * ♦ ♦ A 
> 


He 


f^ 1 




03 


Ojjj^l 



•_y. '/. VA,A ^ jlSl Ji»J d~s- taj^J oljUJl oJlft jlSl J^jjZil Jbu 

iibkl! fl^Ml (3l_y^_>-l oLLp *hi! SaxJJlI SjI^-I obj-ji ,y ^^j>-j^5'Vl jU 
v.^-j jLJ)ll Jls- LL- IjJb jijj ^ili j^jj^\ Ju~£l jjl Jj>*xJ iji^l -jj. 
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Li*Jl «L_*Wi r-\sj ,-Ujj tSjjUJl *j\jjSi» /y> LjyiJ /, Y \ 4_**Jo t5J^' i-it^WlJ 

^jLUp J£J c>jj^ y>j <- t y > ^ r^ ^y^* lM photosynthesis ^JjJ^\ 

.UwSl ^ylij «, (1120) water- vapour »Ul jUu ^ t ^jlAJi i_i^>U!l oUj&> 

• 03 Ojj,/Vlj t carbon - dioxide dy,j&\ 

oUUft ^jUp .-jkJl ,y -cu-^a! L^ J£J d)i N[ lJ>- 4LI2JI L^J *-pjj 

\.» "/, £ ^>»j ^jl) U* iiku ^ frljfil ^ OjJ JvOj J-J p.lil jU*J c<-_ilx>J,l 
j^iaj j i Jaa» '/. • , Y j>«j jjUJl ^jXv—* l>J ip »c~~i L»Xo c ijjUil ajL) j5v« *d*>- 
<Jy£ oVU- ^y yu- J? ,yj t^jl* jt *bL- jl U^ *JU- ^ ui^UJI ^y »Ul 
JUa! I4J ajI^JI ^i ol^^-Jdl &Ju»j ijJLi Jj latent heat J&.1&I Sjl^l ^yW 

-db-y: ^i cS-Ul ^jVl ^UJtyl ^^jt short- waves 5_«^iaJI obj-jll 

oLUj respiration ^^Udl J-JUp £& j^i bj>J3\ J_~— Si ^tf Ut 

•y radiant • energy h-*{*J>y\ UlkU •uoLvi^! ^ -cju-^1 j^j 
U^LlI L_^iVl ^Ucul JU -o'jOJi ^ «-s**1 j> 03 OjJjVl Ul c^jVl 
ultra ■■ vi- ^>^xJl J> i^Ml ^yax^. d«*- cfjUJl vJ^UU UUJl oliiJ! ^ 
V^b lo>- JjUi <*— iVl »Iaj tj^jA^. • ,r ^ JiMl ol^jll Cili olet 



WY 



^y&L 
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ci'iUJl oU^SO. j_>4 Jbu ^JJl dust jUJI (.(i^-^ 1 h^ j*<>\^\ yj 
oLUp g-Lxlj <-V^jr" ^IjL^lAjVI Jio V-*^ ^^c^-*-* C^ J^J ^tSJ^I 
^y» JlL U t^jU- ^Jl iU^^-Pj _ r >*>*Jl oLJLpj <.i_plX*o)l ;Jio Uajl Aj^j 

•^ JLUl iJLkll J jSji j*jft\ >>U ^ d\j ^ A* ° • JP ■ 0^ U 
•_y> 4j »_jij L> v_Jl>- ^J ^jUJl ^i">UJl olij^Lo {ja jU«Jl -Ujj 'lSjUJI *_i*&Jl 

. condensation nuclei ui_J£LxJl 
: &Lkll utoliufl *-**£>» :i^*d 

jLS" A x-L^i dU-wj troposphere jirt tti$j$jlJi A a tin t JJuuul ^4 f,k*j ( ) ) 
oljLjdl jLvaj vi-j>- i^jjlj^il JL_*v^Jl oL-JujP o t» i_^»~«j elj__lm jl Jau>- JUP 

l-JjJ UiMl tlj^Jl ?x-waj /»j ^j - Jju U-i dJJi «uva^~«' U5 _ i<;r v»jJl j^-Jj 

ojL «-ljA Jji ^ib clyi j-jwaj L*xp dUi ^jJb»wj temperature inversion 



lit- 



\rr 
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^ji^jitj Jij t^yijxl «Ja*j JCP .SjL-Jl cI_^j! <_iji» ^y (5j>- jI^JiX—vmI ijlijd*- 

OlS" 6Jj t^jJLxJl >jJl ^y ^jVl wu-Jsu- |jj>«-«-J |*~*i Ux* (_5 j jI_ / __J-1 wj^jUJ^I 

(^Stratosphere >dJLui|J<>lMU» -LLa» (r) 

Nj loLsJl ,>« ^J Jl ^ Ur ijUl ,1^1 ^ ^ >J\J}\ ,\j^\ ty vlUJJj 

■j^» OLti aj^j djjj£i\ -ivv—51 (jpllj ^ jji» Y • V j »LLl jU%j -^ LL» AT j^*j 
o\ djuixjj (.no ■_^ : _>-jjjuJl j_~wSi Jj! jLp •j-* ^4-^*j '•^y^ vU^Si Jji jIp 

.(Wilcoek,D, 1983, P 98) ^^jlSI -M^Jt^l ^ISU^I o^a^ 
Mcsosphcrc -^jLu4|>*i« li^b (f) 

Thermospherc j^JLu«^>ii( iJLjb (i) 

, jii yUJ Y"\ ^« JS\ \4&~~< aIj ^yuWIl jl \£f>,/4-'"J\ vJ*AJjl UU>-I IfJl*- j.LLu (\) 

' n ... .. ^SPL 
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^ iHV t JLjiJl ) j-~&. ^ Cf •**$ ^^J 1 J^J o*^ C^ o* 

l$_~A; heat SjljJ-l U tS^Ul olijjJL. i^^-J-l iiUaU ^U 5jl_^J-l *s>-jj> Ol p-U; 
Ufi OjSCj <jl -_^*i j^J jf^> otr-^^r <S^ 'J^ S!«>'.A' ^LWl o*^ ^*^* 

<uJaj| aJLfc J^>«jj llJb- 4-xijy) l)*Nj .JjIj L^AJ OujJ^xl) <u5jJ~! <li!UaJI ,>-^Jj 

O^j ( ^°oVT- ) !■*>. i^"y. ^^jJl ojl^p- t^j^j . electromagnitic radiation 
. long wave rays i>.£\ U^ hJ^] l _ r £ J j J ( .kai j»° \ Y lfolj>- k^ju ) 

vJ">UJl Ifljso J^ Sj^^aiJl i^oJtJl ijuiVl oJlA JlP Ijk. U *4«j jClj 
(_5>-jli-l -J-l CUL^j Aj^^lJl UUaJl -y S Jb^j SJU ^t ^^ C^jbU (,5jUJl 

'/. y ^ j jUJi ik-,1^ ,uiji ^ xjj ^iifl 1^ / n oW ttsjuii >J^ui) 

i^l ,y <*iVl alXjIj t^jVl ^Ja^. ik^l^ Jb'jj */. "\ j c.-j^J! ^xljj Juy 

ji\ iuiNl iU_>- Jl sjj^il UAVl i^J ^ 5jU ( albedo _,jlJS/I ) ^iu- 
.7. YT Jtw. ^j^l jaJNl i)l» dUi Jlpj ^^kJl 14^4^ 
ice ^Llj snow gliJl Ji^, j^Ul iJL\i f | ^! 6 | ^Jjb y _ j^j 
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^j^^—^Jl ^U_J.yi y idp-j Y • d)l tiJJS l y>--«j t(5jUJl oMiJl y> ^yJLLJl 

•U^JI Ul <, *UI jLj>o l^viiUj ol*b~j AJjIj jL — »Jl ik*>i|_jj SJb-j \T Lj^o yi^ 
yJ;Ml ^*^> Jl ^jjlxi ^y^^JLJl ^U_-i)/l y 7 iV j! SJb-j £V UjJllj iLiUl 
jlSwi ^j* '• ' ' *■$»"• ^^M J^jJ^t-- 4 ' jV -> i /)*J L° LgJI^Jal !»-jl_^Jo oU-jJC 

, aj jly iiUa J-Sw ^ aJU ^^.SjOj '/ YV Ujjj -Lvj «ouij ^rjil ^.j^ 1 ■k-if 
LfiLSC.I ^y oL5 l>-ji! iLjb 4jjIjJ-I i—iui'Vl oj^ c^jUJl o'>L_*Jl y ^^JLi^Jl 

uuuii ^jMi 'jjt— i ^ ( °w ) v- 11 ^- 1 ^"j 1 ^- y ^ r° i0 - Jl 

. Ijixaj iy y j^' 'V' J ~^-*->— ■> 
<■]>! ^i aL iiaJl A—jPUiJi l/l ot_>y! ( ^>L,rt,", j I ) -Uvaj *\JU — <* /cO-^J 

i« Green Mouse Effect _ v>"^"^' ol^vaJl j-Jto » cSjUJl >_»t>UJl y Ji^Vl 
*-l>-jJl Ol^^-ij il)jjj5ol JL~«5l <y^j H2O ^lll jUkj d>i ,y| <Lw«^~x)l oJa (^?J>J 

. iLySJl SjvJaMl ^^-J jl V^y* (f-^ 1>^J laj;V*J»Jl Aj«JibU <LyS»lyS£«l ^ 

:£jul*iJf jPj #I^Lu<y^ Jbui- ^4 ftj!>J-< jUiif :U-»fj 

LjjJl yijyjl y ,y-ji JLiJl illi* tajlyJJ ^t^l JL2xJ*ill c-JL>- ,J\ 

', aJIxJI jjix>Jl y ?wi~| il)l ij^i U^~l ly'-'J'^' crl 
ia>- y v_jj^L| JJj 'VL^-Ji °i • j^/ Ja>- "j—* JU-iJl ^yJj ii»wbhu 

j>u «L/VIj *>L« ilijj ^ ( 5_«Jli (1)j5Cj I—* Sib (_/!! ) (j^wll i>j>_A^ ijjl Jj 
viJJi i_Jl>- Jl ti_j-MiJtJl <*_J>Nl j*?jj <>.ji ^^aij ^LxSLj ^/VSIl (yjyJl 
LUll ^j^Jl ^i tijUJl cJ^UJl y ^ diw J:>U y v~*_All UiVl ot* 
jUJjNIj OsU^)I oL-JUaj ^ J5lio J\s I^U-^j Vjt SjjI ail ^jyii; ^jliilj 
^j_>JlI 5jI>Ij ^15CJI SjlyLl y J^J tyil Jj^" ^>a>o JbJLj lt /^l 

. LUll ^y. jyll Ji\ UaJl ajjIJuI ^jyll y 



\n 
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t( ^jyJl ».!* ^ji cjIL_>J.Ij oljLiil ?%J:uu "^ _>-*■«-£> ) *l—» jUo JiCi ^ 
*J>-I ^» p&j* )oa—J> \L>}Ss~ <bjlwUl ^yij^jdl ^i Xj ^ ., <a ,, "I I OUaP •jjO fitXijJ 
oU£ t-JjiiLI J>^J Jl—o-JiJl jpj i^ljJ* ^IjLj ^j-£j C?jL*Jl i-i^UJl -y) (_g_jJL>Jl 
L$i>^ ^ - ^yia^jJl ^yijyJl ^Slj^fJl oljLlll hIa JjJU IoX&j . LLOl ^yij^jjl 
i«L«lSJl 5jljJ-l ?rj>tjj »Ul jUo i-iiSo L^jjly- h~j$ ^ J*^' - t^^S^*-^' J^ 
. LUJlj ^ya^jJI ^jyJl ^i (s-i — SwUI ^j-wj uiJJJU <>«-Jjj 

V*-p «jl_p- ji Jj^/I L)"i/ dUij c f-LLI -yi j^f 4-_c.^o ^^Ul J^>^J *i 

UL2_b ^Jl SjljJ-l JS b'i idUSj a_p^ JL-jUl ^k-Vi ^ dills' 
VPjJl Aijljsw ,M op dUi -y. ^-SOJl JLpj c^kJl uj^-i Oj^-J ^Ul 

^j~i d>*-~i p ^ ^J b*\ <-iy<J LoJXp dlli Jap-Mi ) f-lxo <CsJ-«_~J ^ i^i^l 

^lj^*Sfl ot dUi i_jL*I •yj t( jUl JLp <_^j ju. <d>.Lu ^JUI pU.1 ^ j^sl 
£jji ^Ji ^ ^ t JU*"Vl J oLlL ^^kJl ,Ul Jai^ J* J^" oljLJlj 

JUS v 5 ^ SjjvJIj 'ertUL 4J^U1L olkpJJ ^k, j^Jj iojUJi Sji^Li ^ 

( _ r ^AJ ^ f.U.1 -yi S^S\ ^Jj* Ic-^ 



Ujj 



Ij-^J 



-i 0~i 



Ul 



L5 4 
.^jjjJl 

u M^ J&j ti^l Oall ^ dUi J oUVl jJl aJ^M, ^j, ^ 
^Jil - 0J I>| - 0ji> ^ j^ u |Aaj .LjJ 5jJ Uil .UiiJl >UI ^ tiil 0^- 
•L^ ^ ^Lil jUi_x;l -y. LU gx SjaUjJi oJLaj t Urban heat island 



4j>- 
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v-»L-i_£l Jlp ij£d\ *5 bricks y-Nl ^Jhi\ a\ l_*S ij\l\ ,y 5-JfcM jkbli 
AiuJd ^L* .j^c JjjIjJ-I yilai) IjXa* Ji*j <U>u br i La^j Jixllj &jjx$Ij 

. il)OiU ejl_/U 'V., f - ^".^ c5* -A)i ^^ <j^ ' '° ^-^ ^-^ r 

0- 4 cr^-^ C^' Ji Ju: ' y ^ f^ ^ ^"^ <^bJ)!l J^^ yU** tyj 
^^j^ 1 J^^l o^JU. ojUj J[ (-p>„ U deforestation obUUJ axJIj! J^U- 

•j- Uli 4_Jl>- 4j^JI cJLS" U lij SJL>- j-^Vl ilijjj coLUJl {ja j»S\ k>- -A; 
rAs ^ J*^ - i>* t ^" 1 u* ^J-O^ 1 J~-~5l J>\$ LJ> Jte> «l)l— J^l jSJjj 

^ ^ J5L^ a^J jb ^ ^ tl ^ us* V 1 ^ 1 l^ 1 k^. ^V" &\ J^ 
^J+S. jA\ Ou_^Jl iJj^ ^ C j-^^ ^ ^ ^J 'Jj^ 1 £|_h^I Jbt* 

ONJL*-^ SiljJ Jl Oil J Ob-Llllj ijjli 1^? 0_^1 4_^U^- jUmI Jpj-A^ 

• ^ibi-H ^yiUlj oLidl hyf- 
Humidity ^f < ^ ij^bjJJ :UjUi 

transpiration «xJlj «, evaporation >^Jl J^U -y ^ji.^ ^Ij^l ^ 



^a 
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i>-jo f-liljl jp «lXj ui-;>- Sjl^-l isfjj MiJjl c-^-j il>J>o »j ■* *■{» » ( t ) 
JaJ^i L_» ^Ij. . f-lj^Jl ^ water vapour *UI jU^ obj>- jjLL-j" *Ul lj\j>- 

00?- jdl pULI <1x& JaJjj Mj JaJLi fill cyl^j*- >* V^" 1 ^ ! J , J sLl •** ^J 

Jt\ J^cS\ J^jj \*x*j i&*\S ij\j>- J^i <y Lfc ^-r>«^ J^" U^Sr* J*<^\ Lfj 

>*_Jl oji dUi JLpj . <LJiM Jl tffaji U ^i-l J\ "Ca\&\ Ij\jJ-\ £>J pi 

poten- o.^ <»U» (Jl J_po y*~Jl V-** l** kJi.i.J.1 ivw>-iJl SSLkll •y *j>. 
£. C-— lid ix-olS" UlL L^j e_^_J! ^ *Ul oly*i o\ vi~->-j i tial energy 

iiUa ^1 i^KJl SiLkJl JjaO" ^yjVl ^ JaJLJ L»J^P lf!^i tl$pUj"jlj lf*>^>- 

t <J i^»-l_jll ?-y>—~ J I ^yLt LjJUjj ijxJl cu»*J ^ <cJUi_i "y JjJj yull £5y~ 
freezing and OLUJlj Ji— «j>«x!l j^Ju (ju «jI_h>- k*- -p ill Xp ^ Ji y*_dlj 
^y ^^-pj i^yJl IpUS" ^i UiJ-l oljUJl -y fill jUoj . polling point 

aJl*p ^ tUJbC <o jj£\ 4&j y*Jl «uij : Transpiration giiJI (r) 

^jSC^jy'Lii 'CjIjjT Jt>U- ^jIpI ^j ilyxl-J 4jy]| *-L> oLJl jjSs? { yd ?C^i\ 
,J> ijJ^a oUL~» y <frjj>- u!a>- y yM ,«» j*-^ Ij^'j ' oLJl Ij^X;*- ^ 
ciijjJl -y ajjII jitt-^Jl jji • , • • • UoJip aLj stomata t y>— j ciljjVl 

flo jjj^SJI JL-««5'l ^l— t (_jJLp jLa^tXJ Jadi jl^Jl (--» ?oiij CjUI — «J,I oJLftj 

. aJL><j« lP^jJ ^ij*-" •'''-* ^ t'^J J^V l** J^*-fiJ 

JU_i}^I llftj aranspiration strean «rJl jLj _>t «xJl jU^ «J,la,/7, „< <Jlp 

^^j J*-i^ -^ji ^ l -^ > - cjUUJ.1 oJla jiw J-JJl (y t>! toji ^J j*_x»j 
Jl_jl» ^ ^Dl J^pi\ S# IjlfS Vl *^ V Ttdl ot dUi ^^j . JU-I i^Jaj 






^r^ 
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evapotranspi ration jjii -^juut (r) 

j 1 ^JLojL* «xjJIj -r**r^ a"^ *-*^*l r**—*- 1 'y*^ lityJI J™''' o* _/*iL-j^ 

jU*j A*— o'xJ ^yvail Jb" iil> 0y& k~*A SjI^h*" "^J^ ^ **' *-*Jj*^ dr* 

satu- a^u sly* «*Jla jjlki IfLaj L-oAipj <, ►IjfJl Wt^j-^ ^' Cr***^ l**^ 
Lf&j ts j*M >-*^ J J | u» j^jJi ^ ^^ o^m cr^ 31 yis " c**J u ' atcd air 

iLSlLl oUjyU lJjL^ UJLXPj . s^l jl y«~*ll 0ij& If- <C* Cv« JJ (_5JJl £»Ja~Jl 

^'l ^y^u; j\ il^^l oL-J.1 y Jili J\ Jib*. Oy>v> Nj *lil jU*^ l_*~iv« 6y>u 
dynamic ^ySwloaJI Ojlyilj o^" «JU~ ^-^j ^^J - y*-J ^bb ^y>v. ^ 
l$J|i ?*xi „ _^x3l TtJtu- J)j> iw^J A-il>- «-*>• j-Uj ,j5tj Ujioj 4 equilibrium 
jU^-Jj 0L-U JliliAj . »l_j«-fJi ^ j*Sl dL*« ^jLp I'll! ;L>«j £py ,Js> J^aj 
,v. pressure *UI jUj JaJwi >i.UiSj i^l ^y ►U.I jU»j ^sy^i 

jjpl J* ».U.l jU*. 5 JUS" ^p-JJj Absolute humidity LiJJail S_jy^> jJl _ 

. ( i^x&'l yll ^ f ly^U ^ jt*i L» aiUj ) 

^ U^-JJi *Ul jU*j V*- 5, Wf J*t relative humidity wJl Sj>U^1 - 
UjlyU i_>-ji L-r i! jixp Lf-Pj^ju-J jt *lj*U <y>Uj (jXil X-j*£15 L_^JL *l^l 
ol vtUi j^> '/. Vo ^jLJ U SJik* ^ is-Jl »^l ^>j JLiil J^ J^ 

jUw -y »-I^Jl liy^^" "l>i* *cSyV' '-J'^l ^^*J jJ^w «*J - >>>^1 01 ^-^r^J 

^Jiilail ia^-^l O^i tlj-1. VO ^LiJjl ^ 4il jXJL vJ^^>. ^Ulj^/lj J5j ,lil 

■ u J>ji\ 7*h** i^jy^» Xp Lji»J ^y I. AO t5jLJ 

b*^-/ ^/>^i *U1 jUcj Oi Ji vJLJUS grj>) <.( Joil_«xJl oU. ^y-ivNl jX-ail ) 
^■v^ .Sjl^l JLWI dUi ^i v^ iL»JauJl j^Ljl Jaaj ^j^l {^ ^ ^ 
jl jj, jLkwNl J^j-l^j #1^1 X-^walJ ^/^ jJlj A-I^l o ; U-l jl>U!l ^ 



\t 
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Ju*~. ^yUi .ij^S i^jol jij Ja^J advection s^lyUj p-Ul jU*J ^"Vl JUxiVl 

•y ijjX^Jt ojUxal 4jL«j>- -y Jaiii '/. \ • Jy^i ^y y .wj.s.J.1 yJ ,_y_p- lJ! J^ JUU 

Oli Chorley Jjy^j Baity y* j£] UJaj i Lr l>J.I jUjwix!Ij ^ _ _ r _i^xll 
y> '/. Ai L^> ti_^*fC> _yu jJuS" w_i!l YTl j-^j *JLJl ^yi ?cxJlj y*_yJl -y. 

ijjLLI oL_>Ja~J.I y> tx^JIj j>e-_«Jl yi «LyUl <L~~JjIj OUsu— >xAIj jbol at- j* 

. (Leopold and Davis) ^jVl tJx^ 1 ^Ip V^'j 

oUJa-J.1 ^yip ibjj L»juj i-Jly^VI jJsUll ^y _/><yJI Jij i— «Lp iwajj 

If liU» pl_o-Jl il^>- subtropical latitudes ajjIjII <yi ,_y jj_*Jl ,y Ua^l 

Xkib f>j=-)l\ j>cJ\i tiiLpJ Ojp -la~>dl 7tU~" ,^J Jj^^Ij ^^o-ijl 4*JiN «.»-*j 

«ui salinity JU-jW 4_~J -p-Li^l Jj ^j, Ur >~-Jl J^U y_» V, L.j^u- 

<.j>~Z l _^} aL* ijj>-j |»J_*J dUij UjU-l AjjIJlll (JjU^aII ^y JU-I jA UJb< 

Condensation ui5uLi»Mi) 

^-^ cs^ 1 s j' J-\ *-=r jp Lf& L.yaJ dew piont ^Jdl ikuJ «-iyu"j i*lli jU-^j 
t.-iSl£dJ ^k-t Jl ^U, jyC «dU fill jU^, ciiSi j£lj .^JiLSoJl Ua^> 
,y v lL*% ^yJUU-l J^ _ UL_^ UJ ^JiP _ /Ul c UJl ^y jfe ^JJlj 

tijM AilS j ^UTjNl ^ AjjJi ^^ Aj$ Jb^-Jl iJ^j . frost £JLvaJl 
adi- ^bL^I JuyJl -^ ^yj| |Ja ^ tu ^^| J ak ^J| o|i ^m Jjiv j^ 

J cJil£Jl i,a^ ^ tCr i 5 j| ^a^j.^ji ^^1 Ab y- tabatic colling 
JSIj^-j c^Uil oL^jj yU.| ^ijVl ^ ^15 jUj c^Li - ^ ^Uj ^y ,1^1 
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J ky <>jAa iib* Ol Chorley Jj^tfj Barry ^l, ^ JS ^^ il^JaiU 

t>J^ cr*" £r*-^l iS./— * vy j' ■&* &^->h wiil&Jl ol /JljJl ^j . oljUJl 
cJtf U lil JU-I ^jSfi tdL-LxJl l^aiL, *JU-| oJla J. ■_■<]_, cJilSod! oL)) 
5^-Mlj rain - drops JA\ ol^JW ^ c~J *lil ^IjJai 0} ii~» coly iSU* 
Juij i Oj_^L« Y ^Jj i_All&J I ij^j ^ ot jMjj . f 111 olj-Jai -y U*j(i Jii 
^kil o^ jiai J-xjj J-J U^j H^j^S^s I - {y> Jit Oj£j U> SiU *Ul aj-^lai 

adiabatic - colling ^yljlo'Vl Jb^l (1) 

environmental ^ALa* ^lis/ilL Sjl^J-l *>•>,;> ,yU^Jl J*u« JLp jJLLu 
j£! f *\ 5iU jAj ^Liij'ill £• jjrj-Jl »jl ■/=*-! ^ j?* Jj— w ^,-juj lapse rate 
niU>M liU rt-^_ixj (j53j . tij>-i Jj Wkj) ■yt wjilx>«j 6L5 djjj <.jj> \ • • • 
f'UvUlj 5j — xSvU aJi -ys. SjL_j& Ljj uijJb^ L_* Oji Sd_f-Lo i-Jly* ihS j j—^ 

Jk^aj ,i,X*_jdl IJ^J i>«~Jjj tLf; Jtws-Jsl ^'j+il Jl— >J,I _pj l^j frl^fJl Cjl—t;3>- 
llSj~\ IfjtflU ^ ^AJh Ji\ &}> [£ SJUjt oULi dly^dJ i-Jlj^Jl olSjjsU 

jlhj -uLi — *Jl «^*j t_)LJLxJNlj ilywdl IiIa t_^j*w LjjjIj>- i_>-_ji Ja-^j *i jwoj 

jl conveclive SApLvscdl ^Vl :v_*>*«Ji ,y OL-^j OU^j A->-y„j -^^ 
•J JjMl f^Jl <_/ *l>«Jlj .stratus ^yJJI ^Wl ^Jlj c^jl^i-l J^i-L ULodl 

JjMl £jjl 0_^J JJj .^ylf-t Ji Wb ifjif )^W> *JU" ^ 1^JJL>U Uli* AiiU 
•IJhuXi Ljjlj^* 1 J^*-* /y L^J ia->>»J L-iv-fr <u5ij^Jl <Uu50J JLsAAJl ^i>S>a v_->t^Jl /y) 
0»Sj 1-Ujj (, JL-jiLlS «U m il^i'_jjya jAUsu ^j^-') •L-^xjll jl ,Jl>v« ?*lu*i vv-^*^ 



\tY 



,y^ ; 
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.< 



' J** 



J-* 



• • _ V • • • AJa^«_j^« u>w i „ Y 
V • • • ,V -P^ ) K^oj&vXa i_^>wi - V 

: Fog i-jLyaJl (->•) 

,j^\ ^gJbJl ^xJl_ Y 

<. iaJb^xil L-iUoJlj t up slope fog £-jjLJI ^LpI ujL^j t advcction lSjI^J-I 
5jjUJI ,ji»Uil ^ j^a-xii j^i dJJJJj i terrestrial radiation ^^jMl f-U*i)ll 

JSwj vlUS j. flbjj cbjLi UJa^/ t-J^j {.sta f-ljjh j-ju L-odic- i±jJL>» j (Sj\j^~\ 

If , ; U y! ^1 i±iUj L^csU-j A_JUi-l 4j jlJll Jj>-Ij„,.J| JsjJa^ Jjja jjip ^J>\j 

Jwwaj oLJU* i>«jo U P slope fog y-j.A_>Jl l5 Lp1 ^L^* ii->Ji>o_) . Uj_-jPj 

ti_Js>j Jyb f-\jA fu> Jjb nIjA JjI— fci \ — »JUP JaJb_>«J,l i_jL__ vflJl i)£c±j 
<_S_j*U iaAvaJl -k?fJ L»JUa ^^jjU! ujLvill 7*£jj tolfJpl AJtlaX* ^ £sol>-j 

. LolS Ijlj^o el j>fJl j_^j vlv»>- 
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JLJLLii/ t-«-5i ( >Ji ^ giui ) vW^ 1 ^ l^ 1 t^ ^^ 
jjj**j Sea smoke ^Jl OUa, Jy« :JjVl ^1 *^«— J Jl Critchfield 
^L_s^ iJj*. : JliJIj i ^j Jl ^xi "I j-^ IfAr-* 1 **** "W^ 1 A^ ^-^ 
^iU-j Jb *\ja J^U i^-Jr 1 J> J* > il -^ ^V- frontal f °8 oU ^ 1 
•y> £j oJil J Oj&jj . JjUl *L$Jl J iJti uiiScL. jw ■r->«~J v-^ 1 Ji-t 
U 4pIjJ1 tj^-lj ^UaJb OU-jOI .U^l "j* «juj smog fU^Jl ^,^-j ^LviJl 
qic... li; *k£ll oaJl J ^Jl->«-j ^yJI IJlaj t photochemical smog l>r *«j 
tSjUill oljUJl ^y iJb- i*^ws ^^ ^J& J&\ J J L~J1 i>* L* j^J ^^J-Lj 

. OjjPJ l)jJ_>$3| wUv-Sl Jj)I Jla 

Precipitation hi< > »7» <a) j 
LJj t snow ^iillj hail jjlj J*ll Ji-* iAb^ Vl£*it Jail_~dl aV-L 

; Jail j\p 5^va^>»^ ***»\jJ> Jj 
J* JkJU (5jX*Jl Ja^jXil jjJLSJ jl JbJj£ ajUJJ i^^way :^Jai! «j Jjj ( S ) 

Pen- (IjUjj jj-^j i*-* AT _j jJLaU ^ji^Jl J»ll iv^Sd jJLa*5J_^_5' j{J& Ji* 
conver- AJI *UJ! J?L« J tjjj-p Jail OjSC U s^Lpj *_*- ^ • • _j «d man 
J* JA\ jjkj dUiSj 4oLjjL>*iJ| Jjto l!^_j>- ;5jjlJdl ^j^i J gcncc 
J i~~3j\ jkll jJ»L« *i Jl ^yJ La OL&Ul QUakdlj . <uj*^' M^r' J •^ 
•jJa2Jl jxp 1^ jkLl Ji Uxo t l»j|jJ| ;L_^kJl ^Ijl *UxJ| vi^^ jJUII 

~^\->-j Jl>* ^yJ> ^>^->H. ( ^- > - (ijl-^l bj* p-tiJ-\ Jai_viJl oliUaJ 3j-*J 

jtbil ^ wind ward coasts ^IJA V-^'jll J^lj— 1 ' JUIj . ^^ jl j-Au-l 
•u^j^l o^ J S-^U-WI jtlill ^ j-AJi> jy>\ JSlLi |_,Lk.l ^^aJb' ^1 

Jl W-Lj^j Ji qLi jJl L^U j£ warm currents feib iJsL_>«^ ol jLj iIUa 
s ^> jUwt -up .-^u-j ^Ul jU^j LaJL; ibjj aJU-I oIa J ^Ij^Jl ty J>-LJl 
JiJ 1 ^ 1 J^ 1 - J^ JLi-l >* Hi-- C LJJ a^I^I J>.! — II Jl 0jA -^ jup 
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jjXJ J U- *» <uUM oJiA J <^j^t* (U-L-JI f L»i iju jLJ j — »j wAxp Lol 

J* (■•111 jU«j {y> L^j U i-ii&jj ^>lj-f!l a!53I j^J (Ji~>- _^all aISj l-jL^aJI 

. ij-jUI Jl <Jjv*j (U» j>»JI 
iii jls^j ^ jkL* Jb£ t JUJl J* jUwMl auJjj" J SaU-l objUU wJU 

J U~j iLai^)/! iSj&\ Aj>u^\ ,y> Z***\j J»U^ j\ UlSol Aj>%^> j\ JUL| 

i JU-I jA Lii* AA-Jl jiJU JlP *lj*a _,i_)P J^wj jLk.^1 iaS-J i5jS>-t J 3 ^-* 
Lii* Uuoi iaJLwu jl tiJj_JUl! JJ^Jl jj^- j\ OjjLoll ^j^J ijSljX^-Nl (ji'Ult 

Lf; cJl>w Jtfj 'ojij* jliwt u^^i'^r^* 5J ^ri -k^ ^f^ l^ •^L»^Jl JLL 

JaJL«j ( A^=>jJ ^ • iY ) _ r -X«JUU \ 1 i 1 N OjJj jjLiJl J t5ji** Jm V-»^ Jt^' 
CJI^J i( *-/>j>j AA£ ) j1*JlL« H£0i ( j-+5>\ &-< ) «_«UvaJl JsA» J^U- o 
J cJUw ( W> ,# Vi ) ^^JUJJU \AV • Op-Ij fjJ J cJaJL- jk* V~*^ J^"' 

. usJUfll J«u>J,l| Reunion bj^jj ijiyr 

01 jjij c air pressure ^j^l -kwJl : J Jiua J^l .y> tttAij j~LJl j&j 

.friction ill5o»Vlj; earth rotation ^jNl 
: qIJI J SjJjll J*lj*Ji oJu* ^yaiUoi- jUj[ Ji i^j 

JxWiJl JJb l_« IjiUj i jLJUU ^ • i • o* (^>l cS^r 1 -kuwiJI -^id V "»^j 
7. A y p\ Jt-*i N J^WJI J cijLiJt 0y» ^ ^j tjWi- ^1 • ^ liA 1 
ijiil ol5y clj^Jl vlL^xJ wJl5 ^ aJU>«j U IIaj icSjJrl J 4 *^! ix«-j> ,y 
^jJLl iaJwall JsU>. ^,4-J . ^j^t J^ jjb OjXj ^jMl gJa-. ^ lj-*£ 
Js. A^J\ jU-1 Jl tfjJLl ci^JJl JJi ^ijj ( j.-v'^ 1 il^A-^^j ) ^S>1 
tSjJLl JaJ^I ^L. j»cJ *J_/j ( YA JS^i ) ^jNl ^um i$ys X* 3jkA\ 



\i\ 
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U^i\ J^JI J^l^j ^Jy\ ^kuJ ^jUJl o>Wl s^ iLrl 



(TVJ^.)| 






fe 



uv 
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^j^-\ .k^aJl jULr aLUJJ ^/li-^dl ^jj-l Jai^aJl jJ^Lo dj& IJLSCaj 

(Coriolis Force ^jj^" BjS ) : j^ll Ciljja (t ) 

^^" Cj"-^" <-^^~ 4 <J^-*~! t jA*>»iil JaJwaJl y*-> r\ijh °L-^b • ^fAA^ll JaJwaJl 

Friction ill&^l (p 

^>xJ| pJ*^ Jjj-J Jjjj Asr-ji V • j>«j ^jNl j"Ja~* Jj lfL-*« jl >-yi yJ>\j>v\ 
iijLSiL j-^Jl oLc i]lSL>-Nl LL_p i_jU*s> <~_~~j dJJjj <,JaA_i A>-ji \0 ^J 

4,«iiKib *»H £t;>0 4-»LjJI ojjjJI 

1 lJ >j^-\ aj£l\ <~l^u J> L^aUI jL_wj ^yUj northern - hemisphere JL-iJl 
5^1 v-i^aj ,_y aJ^^^JLII iJUJtJl ijjUxiJl r\ji\ *r*»\j iijyd! ^ r^ij^ o^j 



iii._ /*• 
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iakx* ^ r}ij\ °-*-* tj&k c -^ > " urfj^' t-isniil ^jj) ^JjJii\ iojpA-lj ^UjJi 

v-~~. Xj cL~>- . AlJl <JM>- l^_»wi_y jjaXj (jJl * i. t. C. Z. Ajjljil pUiM! i^j>- 
Jajwai! ialaX» lij£o *UwjVI Ja>- i_J_yi <>l j>fU 4-~"»tj *^_r > " c5* >Aj-X*iJl j^^^dl 

^Jcj ^Ij equatorial trough ^L^Vl u /u>dJ i_ik^ ^ L ci^" ^^iiail 
(_5 jJLlj, cancer 61-U^^Jl jlJL* t^jlJil j-j ijykUaJl ^j^J^Jl aS"^ Uj l^J>y. 
u JiJl>^X\ A-^y j?-*^ W* '• ••• c - z - hj^ ^l&Wl ii . g, : >- i)^ «j> Capricorn 
<ik» t _ $ 5l_jX_^Nl ^yus^il dj5 v^-vjj . <d>-ta 0j5cj" U SiL_P ^Ij ^l^x—^l 
jiiaj £w^lj ( j^J IL*-J> r\Ji S-isNl ifjJ-l jy>a Lgi c eUfU JbJji 'wwiJ 

. doldrums y>j}\ L^JU 

^y pIjX— Ml Ja>- _p«j Jajl^Jl clj_f)l JlJ^^Jo bfcj .*JjJ.\ cSj-Jr' JaJuvaJt ji»L« 

JU-ill ^ i^Ull ^1 ^ dJXjTj ( JJ ^ L^JI jjjll ) hj\£ c lj J5Cjt 
mid - lati- i Ja^ji\ ^jyJl oLyu ^yn U-» ^l^x^l Ja>- jp Ijl*j i^j^L-Ij 
_pjj JL-wJl s_/>3l Ub^> ^ ^yJ^I JL_aJI j>j 4_>*j3 tude - westrlics 

.( YA JS3 ) L^j ^UJi "1 • ^y> ^b 

,>llll ^ c-^j" ^1 ^LJ I Ul . 0~ UJ dili ^aX^ US' UvaJUa>. ^ ob 

V >JI .Ui uiy^ L^^j j-jULl J\ i>j^J\ jbjji J^L^Jl M_^l oli i-cJaill 

s^Ul C LJ| .Ia Js. jIL, c^Ai^il J^Ail jJ^L. vi«_>. oLvJl >j^ 
.( YA JSLi ) polar - easterlies UyJl 4J44JI -.L^Ji _,| iiULt 



Inter - tropical - convergence - zone _J ijU^ti <«> 
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Monsoon Zt« w^ji £%>>/ 

j4& cJlS" d[j «. L_^T i}ji> v>=r t/ J~* J-^*t <**-*» jl\ AiJ\ JUS 
*Jl_*_£j| IS^j^T J^ i-jj^j L-iiyl Ujji Jju jJUJl ^_« t^^I jJ»^» ^i 

Jh 3 ^"°J iS-^H' iafxil ^ UL-oJU AJLJb jUv) "jjj *jij LJf (3j*i i_J_ji_>~ iakui 
jl lilta ^^A-" toL*A*_jll (AS*!* oijjJI 6>Aju\ Jo IjLm" i_)\ yi-\ S-AjJLi Oj5i «L»jLJ| 

^ tiUi A_;iAj Lx continentality ^lill ^Uil JL^ll L_^ i_»$J oL_<wji1 

. «W>tA/lj| <U«uLj| JlSUJ AJj-^ <hyJj *J j^o ij-it^j 

lAjjlJil ^j^-jJI ^ iiy-UiJl ^^wwJl i-S'j^ Lvxit oL_«^jil _J;Lj3j 

^ jet streams ilUJl ol_>L_dlj ^kJl ^X.j fronts oL^I dj&> SiJSj 

qLjJI kAa t 3_ | ^JLJj i^lfJl -kp^-l *-?Jr* "<**\£\ (_ji»bilj j^-waJl oUilj L*JT 

archipelagos o^L^jNlj jjsLl oLil <y JbJbJl ^ I^aI/I ^ Jlp s^_,LJl 

r-byl ttulA i^-^vJj IA—JjJi A_JLwi 7-Lj J—iCi ^J LJl \J)j— •£ t_J»i>*J "UjjJ^ 

J- *■'*' j^*»t; L^r^ V*t**i ^y^ " a jiy^"J •^4'! <3j*^ VJ^J" °jij^ j" 1 ' ' -kj-a*-" 
(J*»w Lji* r\J\ o^* Vjt* '--^J-'d ^rf • "■L-^l i_y* W«»J ls*'^' <J^M' ?^^ ^; ' 

. LfSjA r-^y "* '- '^ tij£> '-^t**^ p*j^'l lM-* - j jul^Ji 
tUXfllj L-vs-l ix^-j -j£_j>»~j j»Xij c ^1 — «»_*iJl 5_ySlll i_ivoj j_>J ijjlJil eU_JNl 

n-> ,yj ( ptjLSJl Jj^ — vJ ) X^J! JLw' i~^p\>-j ^yiis^dl Jaji__ H iaJJ jjJaLo il)j5Joj 

jji iJjJLJl io ji^-l 4jjL>hx1I 5-UjJU Ln^v—Ja ljlJx«i Jju iiji> io yj>- G~-bj LflX..,j 

«-wiX) l^AL^.1 /vv»j ^ip frljXvJ ill ia>- LAjj^p JLhj iJUS jtJI t ^jjli-l 0j5jl ■ «■/■»' 
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ival>-j L^JLa^ jjJl jUxoVl oL« jjJi <U_>w» oLoJi •yi ^ylJUuXj ^JjL^Jl U>-LJ| 

j\ <Jls> <Juu ^1 LNU^Jl JLJp *Srf J-^ - ' rj^Jlj ^rfj^Jl oLUJl oLxiiy ,_j1p 
M J5^ jll^JI ui jSJiL jj-U-j cJjAj VLwj Nlw LfLpjI jlj^i^l /•Lot l_}»-l>- 

«WaJd j-S 5 JL. £ isL>- JJsb-o JL>-jj l ^? > " <• *V^~ ^ J^ 2 -"' L^jL>JI M5 i Xp- JaJLvJ 
. A-jyJl olUJl oUuiJ^ i c J_ r J!j| i_Jl^_i-l ^ A_jJI_jJ| liJLLj i^U-j ^jS"JLjt 

( j-LjjJl i-J^vaX* ^ji kiljJl ) 

tJI^X-^II : Lj> ibjlj r-bjj . iJ_^£jlj «. ^^ — i^l lUjl« 4XJb rhjj . OUa^^lj 

: ajUI -Llif ^b^l :V$J 

4i*_^ 4_jji ^Ajj J£j; ^ i_*$-J Sjl jsM SwbJLJi ^-Lj : ft* »tt »:i< (5) 

L^i^j" i-jyj! ■y i^otf kj,^ CjLaA^ jjy •_/> gZj"j t JL^JtJl ^ k^vall 

^1 Jsl/, ,b_AJl J^ai ^>.|jl i^U-j ^^ ^ JUjlJ! Ji^^il J^Ul 
^ S^Uu a-Xw^U^- ^Lj VJt* <_y* ^Uiii^il oJLa c... ; ...»w."J U 5^Uj t( L» v2J 

J^" ai soi I^^J Uliijl Sjl^Ll ^ jU-ji ,___; U-^^j ^t ojSi U^Jb 
W^»i ^->- VV sU-l ^ i_U jlil C LJ| .1^ . f U «^J ^ p\ J\ 
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1$jj\j>- 4_>-jJ f-lijjlj JbJLiJl Lg_JU>. **-***> A__v;*»Jl hj\aj\ ij) _L>- ^LiiJi 
J^UJj L$j J\£ lUJJJj ti-JUJl JUjJl 'j* ioji-vi' OUS "y <dU_£ U iJUj 
t \ ^VV C-Uli i_A~gjJ ) »ji4"lj *-£iJ^-^' <_s* ifS'UJl A*s_>1>_j i-^bij iupljjJl 

bjjjl oL^U L-Jajj-JJ JU — J< ^ *_*-$_ *~Ai-^> ejU- rLij t »■*&> ,t ttiH (f) 

(3^sA)u jj_»JUl ___/ — uj LC JajwujJ,| y_Jl oLt ^jlp Lfc^jji A>«-k-Ju LjlijJstj f-Ujjlj 

USj^iJ. (^ cS j*^' *lj->-v-Jl y ftijh *^jj\ J>^ i-^ : Q( h <ij ^ H <»") 

^jr* -S-^&J '_/' .J**" 1 *^' t jAA>_d! Lf;-W«j ii~_>- {**ij*l vy 1 -' ^^ J 3 "^ -^ 

m-jjiil ^J> jj*y_^Jlj lObj-Jl ^ vj>t^' • <J~* iS y^ *j^" r^u ^ryj • -*-* 

. CUjjSJI 

; -Liil__Jf _ulif c UjJ> : L*i_- 

: r^tj\ <>i> ^aIj , \j^j^j ^ r}-^\ jl>wi Ji* <^5Ull jU^Ji] i^U- 
oU^_i__>_v» jjy /«-« Lj^jLJk _j-f- ^ aaj_> ^ a-jjjVI l_J jl JL_>- ^-J_y>>- (^y 



\ot 
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( \^Sj>- j\ ) UlU L_**-J ^1 o^— 1 Jl -K^ 1 ^ ^>~> ' JUJJ1 
^jju^ Jjo ( o.L5 cJLsr ) s -V -y jJrl Jl jo-^> ^ ^ Jl «-» L -4! 

^Jlj pIuJI J ^j i^l c L.j <u^" : chinook *u*±Ail c^J < r > 

a!* o^wa: jJ c Jjjl cJ^r ^-J ^y^ 1 c>^' ol ^ ^-^ Jl <-^ ^-^ ^ 
<>-jj *jj Jl 1$^ li^jij n-i~* J 5 ^ Vr^' £\j*~J' j^ j-^*^ V^ J^"' 
L^_j_^ ^ijy tLfcJU ^ ^1 ^Nl Jp j^ljdl o_-U-l ^f-^.j 'Uy 1 - 1 

S^UJf iulJfcf Ctjjf ; did 

JL>-j Jx^ jJl LJy wi* -jjj L*J Ojjl ,-plj jUs*I JJ> J^ LJy Ja_^j 
^>t_Jlj aj_^-I o1../t» a>»^il oljLv_« _^>o ajuj^JI 7-ljyl a-i* i_j-1>^jj - >— J j/I 
4-pIjjJI JovLxll lJ^I Jl L^j^a ^ijj ^1 SjLa!! ^Ljl <y ^j (■ J=u->dl 

. iLJjiJl l^~ijl J*"^* d J* J* 

•^"bj jtpNl j»JI «lf l^ i JljxJll ^-bj *JLi :bora o$-Jl cb, < r > 
i_~~~j tixj^^-^j oij^Jl s^jjui ^j ajjLjjJI i_J jI JL>- j_-ji bjjji (3^ t>* 



.JlJULI «5l jl £p\ ilsT UU.j J>Li _rJ-l i^i Wj ty ^j (*) 
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• • *- ' * ^ A * ■' ^ /H_l_JiliJ 

• j " r ™ v, f - « 

_pxj ^yj IjL^-I J»vaj Sil—l At ji J_Jj IjLfr* i_r^y J*** -P*^' (♦^*^ ^r-fc! 

w-Ajtvi! j^—fi ^1 *-— *J UI ijJH <w^-JaJL_j ^JJ y*«JI *---"J '-t-'^j* uS'Oi.J 
■0'jIj_>- JJLJ Ji 1 j^jL_J| 0j5vj 01 i-l—xj !>w v -*fiJ _j — »-« — JI *a«j ^ ^l«p (Uvwj 

•j^ (*-j^Jl V^t* t_rl Ar*^ Oi^' '"^ A tS :, 3i-' 4 jW*'' <J^>* L^*^l ^^Xjl SjlyM 

Air - Masses <Ljf$^JI JXJUt 

ii_J» •yo ^JjLJl p-J — =L-1 ^ IJl>- 4__*>«__v3 JiS" ^ «jL_*P S c jIj_^J1 J^H 

. humidity <jjl»yMj 

i_ij Ji oiUvu itull AjjU ji AJa^px^i oU-Liv* ^ij!> jjiaJjj (J^J' °J-* y+^j 

<ul>- ^j t A.a „ .yw .^ J I <u_^l_JI IS j?~\j ■SS\y\ ^l^—^JI <JL*-p~ ajjUop[ J s« ij^-L« 

, «u5l i^J! <ux>Ju t_» j*j L» (1) »>ii o jtjj <<jjly>- ^i tl »_aJl ^*Jl^. 

L^iJbL< j\ ) (_Jj Ml L^-JUiJ Jjial — U u»> S — ^'>frl' J — *^' •— AJwsOjj 

continental or uSyxJI ji cSjL-^I UjuLsa^ ,_,!* m j c Uy*- J-Uj t( <JLoVl 



\ot 
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J*J\ 



^ 



•>fcdl A-wwJ 



J 



(TAjtt) 

ib^ tAiUi iJa5 P j, LJljx^l E j ajjIwU &£]| at Jm T ci^-j . maritime 
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marilmc polar) mp iJai kjr^, '^ J ^^- ^Syr jly-iwl p^j ^\J^J>\ 
. &ib aU ,jjs yyJL-l oUi iSy*z« Cjf kxU»\l j^ JLw (mass 
Cyclones and Fronts Ctt 4 < -fig j*u*L&yi 

«.u ^ vJjjJaJl 6jSo jyib-^ •^jjjLvcw -y <Jly> oljL_J ( _ J idl L«JJ^ 

. frontogenesis _j ,jyj U*p J> 0I4JL.I ytxJ US^ aJUM 

J^* 1 cs* *-^r' "^ J- 1 -? J «.j5— s^Ul jt depressions oU.t->^ lf» jjhSj 
^5*%" £> >!y_~^l J*>. ^j^ Oy<Sj cajjIjlII *4-Jr\ Uaji ol$.,.JM y_, 

of. <y^ J^4 j^-^UMl j_^jj i,4ilJu> _/jljp JO ,y La j-flixi Ujl^lj 
oyJl £_ljyl °^' £■ ily*sj ^ dUJJj iLy>-j NL-*i lo j Vo y^ c^- 

^ l^ ^M 1 ''j-f 11 <J* Ly* 1 ^ 1 *W i3j*=i L»«J^ jUap)!| 0j& tJUj 

,l_^Jl Jjj ^iloJl >l^l ^^vxij t ^^Jl JU_JLJlj ^yj| 4_JU- ^i ^^l 
^•1^1 ^aJ t-jy^l «L^L ijLJI il_^Jl ^aii| l_*xo SiJjdl i^L-l Jy, ^ic ^Ul 
j^> U-pai" ,_,» OI^^j^jj to^jUl ifcsM iiku ^ <JL>^ J>xjj JLpI J} jy|jj| 

■ 4> ! Jl ^^-J 'J^ *I^JI 4> ^i ^i^ 1 ur^ 



\o-\ 
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JjL t\jA 



*J\* Ply 






r^jUfTjA 




ijl; ply 









ijlj «.ly 



.^giiu^i-i 




siiitiiiUyilr 




*-kr* 



<jul Jl iU-yJJ ^JfX^PjJ (t-*^ 1 - 4 • 



(fijtt) ^UVlOj» 

: Tropical Storms i^lJU! JUaJ^jUf 

^ t_ih>J ajjIjlII d^\yS\ oIaj <, hurricanes j^^Jl j\ jw»UNl -UJutj^S" 
: lS L> U L^ft! i_Jlj>- 5JU> ^y aJjjuU ^jyli Sj~<d.l <2jL~JI ^^w^Lp jI 
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cj\y (i^>~i jy cJL^vj j_Jj tUU- OjiCi L Lsb (_gJiJl <av»l>Jl J-$y ^lits— »L* 

{jS- ^ L*J^ cJL_pL*3 *IjA iiJbX* <UL JjU_*ll jUap)M jSy j-~*^J (-*>) 

. (jSljA is _^A vijJbrj AjjlJlil AjL^UJI 

c SjjLoJLI ji»Ull ^ _^v?U'VIj iJjUilj AjjlJLl.1' v_jLv=>Ij_-»J| fUo~! J2j (j) 

•^jP ) ly"j~* Jsu*£ jti" ^ • • • _ \ • -^o U AjjIJlil i_jL/jIj_j<J| jUait *JLj cL~s- 

dowcring cumulus i^-y v^j *jU-« o- ojUj" *S Yo _^j apLjI ( ^La^Nl 

tolS^l! 5j!jJ-! otAiaJj L^jL-JLScdl -yi cSj^' °y ^y^ ^- *«■*"■- *ll <*^ 01 (**Lr'j 

■y> ijNl oJ—C- (^jLJ cJiLScJl 4_^u_XJ ■^So_^_^JS ^i iU-lJill iSllaJl illl; jJL- 2jj 

■> 0y% o ^ *i» ^ cM ^ (Wilcock D, 1983, PI 36) JLyJiJl JjUaJI 

jUa*l l ^ ;, 9 T^y3LJ Apl vjl ,j JU JJU~S" \ Y ' y JS\ {jSjjQjl <L_P jmH nX3 

Ijj^iJj i^*«j tjlxai »L«v*>- y jiSi JJ /<-ijjj ?rly'j '— ^"^ iSt/^ y*j ^jij* 

SjlJbj (Ji^i^' «^**J J^lSCJl jv^All iwm^aJl y AjI iijJsLlj . Lf; All jl>*j ,_yaiUj 
Ja>- ^je> IJL- ou *LjlJLll eUJ^I ^fc— >• Aj&j I— «JUp Oj^Xj l y5o_^jLi ttjJjSo 

oJLft Sji ojbj ^J L*jj^ iJjij* <>j* i_^_*JJ_j t/»YV Jl «jl>*~l ^■j' 5 / u '-',y '-—^j 3 " 

ijyJl dlyr'Vl ^ ( l ySij^i\ ) i_X/»lyJl eJLft jSjS L» SjLpj lAjjIdll i_iv*ljJ«Jl 
YO • • -y ^SSl AjjJa^l; AjuAII iJlj-^Jl AjJaJl (JJLw AJu d*_p- olk?il ^ 

ajIju Li-jS' *jp Ul tJaii _yu ^ Y o • SJLLill JJ^^iJ! ^J>-Vl ^i Asaj L_»io ^x« 

: tornadoes |4jj>ui 
*>J-I Sj^> fl •P'Vl ty ^aj ajUJLJ U^p thunder storm hss-j U^jU 

CjUIjJ I y> lj>- ,_J*_ vi (JlP y lJ^SvXj JSLiJl Ay— »i J>^JJ liJb^iL y_ jv^Jo ( _yj| 



. JLoii-Sfl V^ 1 J ''j^ 1 ^ .y V^ 1 Jl H^ 1 ,Jjk ^^ u 'j^ ( #) 
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Ui-ui iikii 




^0 cfr ^jWa jU*} J iSf r y& £ 



tj\ J-#i j^j-d\ J^j <<^* j^j ^j U-i>- L~* I — c cJlS" b\j '•o^'-^^ 

^Lj o . . ^ UL^-t jjjj tl^>xj ip^Jl sjujuij ajUIS U^ 0j& l$J iU>.Uail 
5SL. & jJS\ Jity^ ^^_JJI Ja—^1 J Sylii)! ftJUh j^-j 4 ^UI J j^a 

• ^ ^ ^W- c> (ijl^ilj ^^1 <^l ^ aj>jJIj 

VJ^-J *l-^ ^UadjJl W/j ^jjj! Vj _jJ cjjUil jtUlj t A^ 1 ^ 1 
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fc 



DBHliillif HIE 

f 



■i 






* s^ 
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Lft^kc }?-»£ Lj — »^9 /»UJl JljJa <-^J_/Jl f LijAJ jiaUll olft ^ysj—jd IjiaJj 

V • ) JU Vo ■ SjjJuJl _£il <-^»-5 aJJj iUb_JjJ axJI Jj,./i * J>U- ^1 jJl 

voUiJyi JjL» t-Ij^U ivjyj.) iJLi-l jjJs>LJ.I ^ Ij^-iS" liili ,y> JUJj jS ( <u«9jj 
^ iJljJl j\ iJU-laJl jJsbil ^viuu ,y JSj" lw (.( A_uy<J! LjJI yr ) \xk&J\ 
^ teji J: j&\ JJ _^U>Vl ^Jj ^Ldl flkJl lift jlk4 /«->*_/ j 'r^' >->/^ 

• >— «ij*-lj *Ll!l ( _ s — Lai ^ jiail i*i jS^j" «»o iv_sU- J-,/3,3 .S^>-J j>wUj LiUIS" 

cjI^3 *hii^l ijjp^Jl i_iv3lj_jJi Jiij t^^jLlj ^bjjl ^yJuoi ^ ^,jjj\ ^J^ 

ij\j^-\ 4-J>-jJ ^LiJjl i T v r -j i_iL^lj_jJl ^yixJ ^j-jCj" vJ^p- iJ..,. /J I J^oJ J* 

j_uj_j ) v-i^Jl _,j^ — vi ^ j4_J, ^S J}L>- olyi 1 _ o j^, UjJUp t-j1_/j 

cjU-j^ ^ ( ^_^J| ^UljVL j»Ji)|| lift j^ Sjl^-I oU-jjd L^JLj 
ij«o Luo i J^I^JI (.U kiUl oljLJl JJr ^^ *luJl Jyos J^ Sjl^l 
t-jafc ui-^aJl J^ai ^jj ojUl ^^1 ,1^1 J^ L. JILp S/U^ ol^i Sjj^Jl 

. SjljJ-l i>-ji (jAiiJ Jj OjJJl f-lj^l V>r* 
LiL-J ^>j&. J ^Lil ^UiJl IIa Ji_o ; h.„ 9 7t) j^_jj| £tU (f) 

J'-'j-J ^^ V^ 1 ^ tHj*"j '^ ^j^l c5^jJl ^j 'L-iyj 

. f-LxJ; s^kJ.1 oyJl ^L^Jlj ui^l ^ ajjUJI 
iyiUl j_w»UMl jj^ JaJ^ ^Ul ^^1 0j kc ^_dl IIa y^, IJSUj 

^Ul cJ^Jl ^ J ,\^\ J^i j^^, ^, 3ji | jL _ ^ j^;. ^j, 
1-+-S ibj; ^UUj toj^.1 LjjjI ^ ji,^ ^| J ai ^ jL^ ^ ^_. 
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| _ J lp _^al! 4~»5 Sibj £> ^JUaiJl -jjJIa J Ja^j>xil y*Jl rt-JUj y> Jlwll *_}rM 

^L^ J-vfluj (.^jjujj^l ^>«_Jl liy^j L^L^'j y^kik ^Luij j— <JU io jJi «~ »i«Ji 

. f °U j f °YlT v^Jjdl Jp U^. J5 J jJjj 5jl^ Jvaj" 
*j> ?t~J}\j J5^J ojUsu! ilii y-Ul! IJU j-^o ! ijiJ-l ^j< i *. urt.t) £Li-« (f) 

UJ USjji| ,y Jbuil iJU-l ijUaJl liiii t^^^l MywiJt *_d»l J Ji*3 U ^iSfl 

j^Hh">j k—Jj^-I ^y jl — *J» ^ ^jP Ja>- ^jXs- iiwjjal j_j>«JI ^y^L^ r»^*l ^s{ 

, «Lo (Jul Ojj ji-l ^1 y>t-/»j t U4jj| 

j^^jj" vHJJUj ibl>- ULiJjl jifi\ »bJl SjlyLl oU-ji ^Lijjl ^j ^^ i^jUJl 

Uj.0 (»^A j_»J Jl ^jUj 5jIj>- iau"j-i< J-/3JJ 4 ^-^^' uf" J~ r' t^j'j 5 '"^ cS-^W 
v_j »i>- »U W I— >u\ SJJu; CUX>t — w/ AJj 1 tA ^yl (U^ "*— * '—ij^A'l ^Ji^r-^ -^-"J^^ — * 
jLk-Vlj . ujLvaJl J*a» J^ 0*1 , jjUJi J ojlj>- A^-jJ Jp! LJj ^yXAj* 

^jj'j'il fUj _j i5"t {j* -Ljw I41 jJaLOi -1>-j>jj !vX>- i_LU ^^Ui! (»lliuJl I jji J 

b.LSwi'1 f!_^M3 Ji~* oly^Jl ^ iJ* J">L>- Jkj> ik2j Jikj M J-Jj i,liU>- 
vJli-JLl 5Jb- Jij J-Jj ,\J\JL~J[ u/ frlj>r_^ ^ jiaLaj tijjj^jL-l l5u^L 

^__ ,^ _^ .s$k 
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j\ jJ- 4_JL^Vl c5j-^0l t-\j>^li\ ^yLJ l( X\ JSdil *>-!-, ) ^wjll (_>jUll 

^Ij ^IjX^Nl ^yaikJ.1 iikj; iku^ll jlkoMl ^yiuu ioj^-l Ljil^ist ^y^bj L»5 
•^ 3jJlJ-l ^jJU j^SCi OJL-s ^ lilii px^aXi ' _fc-J>> _^-i ^ Nlw»-Ji iij_>»ip 
Ja-ii~u a-^ IT,0 kX3 "*iy-*> _/^" 4__^S' (Jluj (j^lj l .Jta j^w-J! ^-ullj f-l ,>**/aJl 

. ^ A, A jJjh J> l$u 
Tropical Climate ^m» £axi (i) 

£^« ^ JU-I lJ Ss- dj£o dili ^ ybj tiJU- f.h_Jlj ^inT i_ awaj j~«Jo 
^rf t_5 S 'j :L -*-"' *' £^' s jIjJ~ ^U^ ^waxJ bw> SjljJ-l s-tiyj i.kv*_j_dl y«Jl 
(jSl^u-'bfl £Lll ^ iJU&l Sivy JiUj iJbL^j ^IkJl iJL^i c^ojJL »-LxAjl j^ 
ol^M ,y v-jI^L jkll abjj dlli ,J*j t^jlJdl ^jl^-xwaJl £-Uil <-ij>.j 
■K^ ^ u* ^^-1 ^rji Jsu-jp. ^jj .^jUwJl jp«J oliNL JJL.J i-JljX^Nl 
^lji-.Ml -^ j>J ^ iJUJJl XjjUJI ^IjjJI i_^i „hJj! ^ U! i^-j^ TY 
V—^ J-^ij 'il)Lj)ll ^j o"L_Jl oLJ-l Jlp jUi _^it_J olS iiUj- »-L ., ^j 
Ai ,r l5^.Uu Oji—^ ^ij c^ <\r Obj-Jl vjh=t t>U^ ^ cSjiJl >il 

pjMj .( ^ yo ) ^ nr,v LJu>y_, jii^ ^j t ( i^y t rr,v > r - 

^>)l aX-*-1JI Wkll ,bi^L Ij^ULl is^.t fl*»* ^Ul f lkJl IJL* jJ^L. 

.( TY ^jj JO ) Ul^-1 JUJij 1UJI ^ UliUl 
Equatorial climate u 'fj" ,^y| j^LU) (a) 

iai~J jlk.\l jl U5 ci_Ul J|^ SjU L4JN dUij cljx^Vl M- SjjUdl 
o,^^!! SJ^p ^- ol a^ ^JiJl ^ i^Uj fcJl f U ^ fJJ . J5 ^^ J5^ 
jSljV ilSLj ^j^Jl ^1^1 ^jiU cLUJl ^L! oULt J vJJl5Lill ^j^j 
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•kf. L *~i lol^-ji X jxl j£\) oSa J j tSO>-!j JL>. -p Sjj^U^ J jJ. ^Aui 

• ( cS./* - ^ ^-** >" Vr~i ) *-«* Y H ejjiU:^. Jj 
J>A«i tfJJlj Conveclionnl type ( ^-opU^I ) ^^1 ^1 y. ^Liij 
la* J>-b <$/.! J\ ilk* -y jU^vji ^ ijJb^jj . JLiej ^i^p J5L1 ^ 
i> >M jJlj ,>>^-J ojjUNl ^^ ^ W^j 1 ^ 6^*i ^-^ ^^ [ ^*di 

U>l j^i JL^xa j^j J) dUi ^ y __, c^ Yo . j Y • • ^ OjjU^I ^ 
J>y>- g JLi.1 ^^ i SijwiJl Ajj^l <• jl^ujJl ^LjJl ^ U L2SU Jix jdl 
li* ^ koi;^ ^Ji ^jJ»jJlj ii.jLjdl qLJI *4>-\y> J g, ^JUl OjjUNl 

. cuiL. Jdj ^bll * tkJl 
Tropical monsoon climate ^j»j4« ^.w^tl £L4f (1) 
L»5,j tiuUdJl 04)1 Jjjj l jwxJlj o^Jl ^i Lj Jibs' Jj^i ^^j- ^j m, 
/.'/" ij*r* uf^y )°* f^i )»*& |*Ji)/l li> 0]t» JujUI oUcivaJl ^y biyi 
lAiiloJt »Ul (JU-*- i^Oifll Jx>J,l ■y ioUJl JLLvaJl JLw^il r-l^l fUiX; JaJj 

CjOX *}b« v-"^^ Ljdj , U'blL^U *»JjyJ?\ t- yi~J\j ^jly,\j-J£ ejJu ^J> JtlJ 

oo_4j (l^j^ VY , Y) jv-X. \AVi 5jjj«Jl Ujlk«l aJLj ^1 JLjJU^Jl u5L-^.^j 
l ^Ju\ — Jl ( ^Ujall ^j Sjl^l JL>»ji J-Aij ( 5-v»^ Ao) Ju Y HT ^.Jj5 «.jyi 
o-oll ^y^j • Yo _, r ■ ^L_. ^J^ JI^^JI JLp n j f <> Yi y b ^ 
~Uil ^jdX-^az- J ; .,n, ,J:IL ^.Ij ) Jbj_l_4 obrjj c^ Jlp ^j^xJI l5jI^J-1 

.( ^bSOl Lu^ \a*\ ^y, ^.w-jil 
: jjL*JI ^jLSJI c^UI (V) 
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Jj xiJl ^LL^cJ^I >y> L.L-1 »^-Ul (^ji-Jl tijljJ-1 l5^' .^ M^' '**-* J— i^J 

(, U-v -bja— 4 <uJi*» 015 0}j fUJl d\jb ^ji}* ^j^ ^* j^'j t*U*iJl Sjl y>- <» 

Sjl_r>-j c° ' - jMi " a Jj^-\ ^rj* AV l ^ > - r^ verkhoynsk dLJl j^^i oju 

tiUlj . j+J J ( J 5 ^ ^l^ji ) jU^i «-** ^jlsj . r r • ^ ^jUl ^l>l 

cilki' L~J Ja^.j ^ pJlNl 11* -ljuuj .( *-wjj Y • , Y ) Ju o ^ o ninpcg 
^^^ 'jij-zr ^ J&- ^jjJi ^_f f^i Cr* <i-A" Jl ^J j*-z~~> ^ j* 

. ( VY Jxvi ) IjXjdl («— jLsJ ^j-» i-j^-xJ^I ^J 5JU>^_dl 
Lorentian climate ir u^i J ^jut £mi (A) 

j-*-*a tflll ^^1 ^jljj-l ^ Oil |0p cv-JIjJLI j^ j^JtS" ^ LjjjI ^ji. £\±j. 

"^\l]\j SijUl C LJ I VJ ^J ^yu" ^^o U plliJl iljj ^Jj ; ^UL U* 

^> l> j-Wl V-S" ^"j 1I41. ^^Jl ^iU-l Jlp S^UI SjjLiJl J^JI -^ 
c5jl>l c^^Ij *( <v^ i Y , \ ) jJU M^ f ikJ| |Ju ^ i^l^Ji iJjj,^ 

Ji j^y. J cftj^j f ^ - j& J Sjl>-l *>-ji £|Lj vi*j_>. <>-ji Y i ^^ It 

IS^T o^i ^U.1 f UiJl li* jtL* ^^-^ (iJUl (rY) ^Jj JO ^ lf Yi 
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: MjOJI ^jaL • r i| J a> JjujlU j;Wl(M 
^ j^-^.J l J~*& ^1 J gc^-l £Lc UL_>-t ^bil |»UiJl 11* jyu 

015 ^l_j 1X4JI V-«rjil jUa-°^l V^ L5^' »>lj^l VwJl ojlkatj ^UlI /»UaJl 

jr* :; -^*' i_Jl Ji^ 4 Cr° 5 j^ <_s* **&** ial_^ d[j <.*^J\ JljJa JgjJLJl «Jib Jail 
SjjU J^lu ol>_p V-H^ *^" L5* lT*^ jl - 5 j '^LJ'j o^' i>* J^ J* 
^J W^ J^4 *-ri'J i~a+a\yi i^fi UL»ij Sjjjp Ijlkol i^^wj; ai JUJLlI -y) 
■ a***" -^J L5* *iJ^Jl uijJiJl ij^Jj jlk»Nl J&j 4 (I -^SCi i_j|y » -y^l 
vi^- ^jJX^ £uX> La. <\iic Uly^l Jj^Ji ^y>- ,J> Ubl r-Uil IJL*. JJUX; 
( ujWiJI ) jjUj ,_jij ( ^ Y jJjj j$J, ) ^Lxiil J^ai ^ 1$j Sj^sU i>- _p «JLj 

^Li JaiUdl jp b>t i^_^> oU~-p ^ • j>J ^y-Jl i^jlji-l (_5Jil aJL>j c^Y Y 
oil j ob tfc-Jl jla_* J^ ^jjfl t ( i^^ iV,^ ) jJL. H W ^y^Jl Jail 
p-^ ^* .rfL^J ji 1 *! (>* J 5, i_5* ^' V^ J-^i *-i-~~ e^-M - ' "-WlJI jj^Jp ^ 

_^>J oUNL J_Jb jjXJI ivij^aJl UdjLk^L Jj*jS ^jlll i-j^-j^l ^Lo-Jl J j>f^ 
. f-lxviJI ^ L^J L^>U>t!lj LL^> ojljJ-l &>• -p ?-Uj jl «*•> J^-laJl 
: lJLJ-( rf ,; ti t u h >»»JI ^j^jlJI £li«« ' ) 

LSu_^L ^jj! Jl?-^ Sxiljl t_jLsi3_^Jl aJUJi ^ ^Hl Ja^Jl Ijla j^iij 

r-Ull \1* j*-*I>J t(VY) rtij JSwJl £jA jJJi «waXl U—S" L^a.1 JsLuJ JJ aJL_wJ| 

ijj (^jl^p^o Jai Lft j^J C^" j5wo Jail iMj (_5jX«J| (5jl_/i-l (^Jlil aiLijJ 

AV ^^xJl Jail i^j Juy >> V • •y JS1 JJ t5jXJl i^jlji-l cSJdl J^u ^L^- 

. i Ay,n\\ Jvai j^i L^Jxiw Jaiwj ( <v»jj f , t ) ^JU 
S-l«j>0,l <uJaAJI jt-JL-J jl ij I jJLXXjI f-lu >J>-jj ol>-Lx^i ^ ^^u Lo i^_Jl>tj 

jjjJi JjJU c-U-Aj j*^j ^Ul ^jd-lj ^JL-^JJI o^S^ll cjlyaj ^yi arcticrcgions 

jl^vajl jv^i ObiiiX«J.I /yi a4j jJJ «Ji>-JI <U v >bi Jj_>uli Ji w/aii i— iw^j IsijjJl 

.aJULl 

L^i J-o-Xaj LNU*fJlj jjJlj'Vi ^Jp JU-I yh Uii* LvojI «LLLl cjU-LIIj 

Jl ^n^ ^1 ( _ 5 1p jiUxp^I ^yi ^-5"! j>*J\ «ia^ t y> j-IAjj^I i>-ji ,JLp t-U.1 

. XIjLmJI IpUMI y (_j>-L> iajJ (_$! ,y>-^ JLi-l i-Jt|Xs£U 



nn 
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Hydrosphere 
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5- ji u <■'/. u "^~^i ^ -^ '^j^ ] ^ iy >b " '^' ^^ "^ r^ 

^j^Jl ^ SJU-I j^aJI L ^o Jlpj lUaiJt >U1U -UsUl W^ ^>.A* *A^I 



olk^lj _>L>*Jl ^Ul vi^UJl ^Ui- 5, 



Jlp Sjj-^-j^I olk>cilj jUJl JS" JLp f UJl <-*j-4J>x jUu iU) J*^A> 
Ijjj^-l \j>u jLS' IS} ^1 ^ ^ • • • ^ Jit OjSC L. UIp ^pJl Jap _ 
I41 J-^jj olk. ; >J,l ol^t JLc Ji^-y '.marginal seas iiiiui^i jU^at <») 

txJ^ j>«jj JL*-^JI j^J i^.j*^ y^r^ i_p" * <Jtv *''j ^w**** Oij*' l/ 1 ("-^'J J^^! 
AJLsOJi LJLoIa I j>cj ol*P ?"tJi>- jL^pI ij^HlJ ' cS"^) /Ts-^J (_<rfJ^^' j*~'J 

J^L^- ja oLk-^ib Jva-^" : ( u-J.LJl ^ ilp^Jll ) ib-ui^ill jLWI (r) 

LgJa,.>o ^JJi ^^LJU IjSb _^St di3Jj ^j straits JjUsAU o^J U^ cjI>«^ 
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/w«j t jSjUI aa;L>u (jjUml J"!^>- ,v taj<-k>"«— • U.g'.«> J^LxjI <1)j£j ( ju\ cjUxwdL 

_^>»Jlj ^j .*Nl _^>»-Jlj ^yl^^Jl y^-Jlj ^jlalJl j*d\j Jau»jlU.I _/*«— Jl J^**^ "■■*■* 

J^b J^r_y vi~»- c J |_ r ^_Jl JiLc ^j : Inland seas i-di-UJi j»-*-Ji (r) 

_/»*jj C^A.1 j><—J\j "jJJtJ* _/>«j ^^j <wjAj *— rr\y j>rr J^H ^i^i */-5*^ *— J ^k*~ 

.Jljf 

^UoSU NL^j ^yJjJl ^ULjJU ^ olk^lj jUJl sLjlj eJi> 

^y> yCji <~i>j^t LgjLiJ ^.^ukJ 5JLjJl_0 ol^JaJ CJ__^Ji Jij (,oJwU_^il oL*ljjJlj 

Lothi- jijr uLV U^U> t ^Mbt j**i*iU ii>J*i *i i..^ >iifl ijjJilH (i) 

cJK ^j^l at 4_i>i ^ ,»!* v^JJlj MVo fc~. U-^j tsAJl an Green 
aJ\j Jixi Lo^ Uoy» ^5Li sJLi^ eJU&lj cJLaJj o^ *j SIjL* 5JU- ^ 

*a j^S J>- Jl Ji_A OVS" OJj £/> jJI IIaj 1 »Jj W 1 4tol*-j *-*U*l oljUJ! 
i_JL£ ( AijkJI ) L4JI H\ <J .jA^Jl A-it ^j >Wj ^L^IJ JULl ^jjJI 
oLJU l$J j~~~i N ^j^l abjOJI oSI villi t^jMi ; UJ^ (3^. ^* ^V 11 - 1 

pU- U ^JUaujJl ^j^V t-^UaJ ^l IJLa *JSj C. Lapworth i*m* &h <«) 

JO J> \$j±* o^-i V 1 ^^ o^ J\ i5^ ^ eHJ"^^ ^ °^ (^ 5 J L> ' 
oUau>J,l culiLJi.Ui'^ii Juw^j <-i^ UXp ^Lidl Sj^il i^Axj Uiiu jja^a ^ 
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•^SCojj tojjLJl *lj>-^l 



(Jjl — ill ^1 Ls^ I * 

.p" Arf lS*^' <~~J>j)1\ 
J 1 -^ j— =-• A- 5 Y " 

y.j 4 — ; — ^jMl s^l 
L>_? ajUJJ J^j tJlU-vM 

>Ut)LwJi A.. v . 'J I /y> {^/i'j 

^ * HAO i£-j> ) 
,( Vo 

Conti- ^(Lill l-L».)J» 
:nental Drift 

( r t ) J££ A. Wegener _^>j JuyJI 

: ijUJl ^j-^JJ ojii jsj^ Cj xilj ajjUJI JxSOJ ui^-j ^jj-*. JU&.I ^p 
^ JjVl ^jJ^JH ^1 JM^ Jiu, oLfT ^Ul 6l o> ^ ^ ^ 
^.Ate-*- j^j o-S ^ otfj Pangae ^UiL SjU ^J l^JL* jll,! <CUju 
r-^ ^j^r-J Laurasia L-ljjJ ^L jLJi ^ t^^^i Jj i^JUi; ^t 
oU pi _ L^ iJU-JJl ai>ML ^ .1^1 J^ ol^j tGondwana UjX*- 
L-j-vij-*! ^^ ^LiJl ^jJl J%+j jj^i ^i ^i^ j^ j-^ji ^ 
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^Jl ioy=M iJaill SjUJl bI±u-Lj ^ jpLl i_JUl!l ^ *uJl Jj JUJLJI li^^l 

,j» ijjlj_x^iNl c^j^^I ii_y "y i_*-^Ijj i^_>-j i_i>-jJl \Sa djjd>- ^^Ip Sj^Ml 

bjjjl ojii Ja-^jJ j^j (Ills' cljX— ^j Nl Jo>- Ol «-iUi (j^^J *• '-iJjJ' °jl* <<* 5JLJj|j 
■• . <L) »x>-l «u*ixaJl ojlill («*>• SJ^jf cus Jl jj-^aI ^* UbjA) <_ij^>- ijuilSj 

<C Jij (jS'wWl <LviAj L_JI jX*nl rt-ii* « l_4>- Jj iJb JLSi jJ, — Jtot v_i>- y\ L«l 

y**j <t^>x_JU i^^jXJl (Jl* 1 LiljX>-j L^jIjjJ 'yi AS /^P <LjjXjM \S^Jj^j>\j iJlftJLil 
<bLS^Jl J'il*- ^y *-;*j*A\ <Q~-h v-J»>-jJl lui-ft (JJ-vS 1 l _ y lP ital jX>iJ (j_j~oj n_JjiJl 
^J> ^SOj Jaii JjJviJl ^ ,_j*J ^jkJlkbU Oydl Js-I _y~Jlj iJ^jJl J^-lj^Jl ^j 
jJliJlj Jj all ■j^ojJl Jj f^J up\ V-^T jr^*J J^ J^v' ?T^^*'j ^— jSj*^ Sjj^aJl 
^jip jj>r /all f-l^l ^*J <U*i **— =TJi ^j>J ^j 5 *" ^-sT ■>'j>i— *M ^l*!jSCsJl (ilSJ6j 

C-JlSj tJ rj C^J»Xi Jj ol — J.I ijSvj J <U_laj?»ll (j/il ♦>- j/l C-J*X_> LiJiP 

Lg-Jt^ ^j^l ^JL_fll t _ s xJl ^ybj ci^ox—^Jl ^y i-.a ; *.-.S o1)Uj SJsLp^o ^jVl 
Jai«o jlk^Ml OIJjj i_iilSij i_^>^Jt CJtJb ^y'j'Vl OJ jj UJlXc <u| t-i^f- c ^lil 

L^Ijo ^^ pjs- ells' ^Ij »U11j ^1 ■>>• Ml o-i* obtal ill* ,^1 y>z*Mj>j jiy> J5w 

L yi\ r^ka Ml C^Jjj- AjIJ — « il yj fci—4 jj*x^a 'y (U>»j IjC oljl— 1)1 /^ - >^ >t *J 

, Ul>- Cilku>«ll oLv« V»-C 

OJlSj u vixJI "UJU 4_^j jSv^ujSs^a <U>- i^L*io >• jwU jJlj O' iuJ »ijlj j*>-j ^xJl 

oIJjj (_»>c~Jl c^JL_3jI il)l -^j ^ ^r*-lj A_j>-I yS- *L-i jl ,V- jo U «u>-jji Jix 
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jJz«j LUIS' L^S3j J-ijjl&l If^-j^ o* tr^ tfj 9 ^ *^ -rf^ 1 °^ v ^' 

. L^jIJIp ^ cjLjJI -y 

Jl JJULl so^j sU-l ^ya oa_o"j ji& sLJ-l jj*/> oljj ^jJl jjjtj 

JoJj toljLiJl TtJa— ^ Oj-^li JLi sLJ-l ^5\J *J (!nll tjr-'-j t il>l — *r^A'j 

oU-t^_>iJ.I ■"■ jgk» xj „^ .LSLij J_r a ~' '--''•-^J ' ^LP"^ l ~" . *t-^™ ^' c5jr*^" 
j^ixJl J Nl sLJ-i jj^s Jji oljLaJl y Jj cijjLii^Ul oLiljJ-l -yi 'V-^^' 
J ^1 LjliJ^Ul L_i>-lj j^l pjj ^y cJlSj ( ix*- 0j-^> To • , ix« ) ^jjLaJI 

oll_*J C-JjSCj <j~jLJI ^ji* j-^^l »U-« ^L^"* l — jl— hj CjIjXS u'%- >-J tOljUJi 

^j SLi-l Ojjia_J jt-J lijjJ Cjlj|j->- jjj (jJIxJLj Cjj—S^J OUj Jj 1^4-. JlLff-J 

.( rr ^ t \<w l^j^. 

V^ 1 cf* ^Jt 5 JO^ ^'^ J l^ 1 ^ 1 ^ ^ t/1 ,^1, ij^-j dji WJ^ 1 
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i j^aj«j ji 1 3 s <a xj Sl>-|JX« fjiu A_jJil A>~-5> ^ oljLSj! /vo A>-|JUJ' oUa*>«il <!)> 

(ju 1 ^) \ • kLs ^[j w>jVl S^SJ! «ixwJ 4_J15nJI k>-LJ.I *y '/. V • , A J^I*j 
S^jSJl <>-L«» /y /. Tt, T «u«»Xj (1) jJ^o lis i>A«jl Jl ,J-»^j U-X*j i«j j jj> jJL? 

yo U pli.1 .ij~u L*io t*Ul yp <_t*jLJI V ^ji iS-*-" Jfjil JslkJl NUJi Vo j 

. /. A 1 <u*jj u_^>- 1" j i • o^ J^ c^* 5 "" 
^vaj jSUJl iijLx iStAiil olla->J,l ^jJLp jj^iA-l JsusHiil 0L0 c-^jj U ii|j 
^ • *\ S>-Lj: ^jkiipMl aJl. ^ (lJ^JL. ^A • ) ^iLfll Ja-xl! i^lxllS" L^>-Lw. 

.UjJu Vo J>-Lj: ^JU^Jl J=Lv=-J,1 Jl Y f% JS" 

15 jJl Y • J^i=> Ja>- Oij t i^UXgJlj ^IfH ( yJa s >«ll yo *>L/>U Ub- ojUxpI yCu 

J-v=>1» o>- 1_j? IV JjL Ja>- Olj i c5 kJLt>' i Jlj ljx^II yJapJil yo >L^l» Ijl>- 

. cplfllj ( _^kJLU'Vl yJL>«il -^ 

cjLLu>J,I j^I dilJu Jbu _^i tAjy y> jLS i>j^> ^ A • <o-L~« :jjL^JI ,h.i.,Al 

Ai-JJ oLk;>w-Ll A->i£Jl A>-Lvil ,y /. ) y^i JJwj vi»-»- LL»j& L»jiSlj is-L.^1 

^y oLJj_x5oJl yt ^yip Jjij \j L^l ii^-^ ,y hjjh^ ^ -J*^' "V-r-* j^" J^l 



Wi 
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J~« d_%b> \\l •unl_o> *~*S aIoj Jj> jJL—S" M , • • • *lj£wiVl Ja>- Jji» ^yji 

.ring of fire SijyJ.1 S^Ul iali-l ^->- JljJJIj J>^^ -kUiJljj 
'i$jA>*j> L_^x>-L~« jl j-J* lji'j>- <JS\ Y • (Jl_p- upl—gJl -kux-^ '-^r j>iJ 

<U— $> jL>tJl -j_fl iJ* J*-jj vi^_s- ^yJl A*Jl>«j JiJjj (jpl^Jl JLu_>Ji,L SJaJjll 
Jvaij ^J^ ^^U. y*j UjjjLJIS' j^JU- *Lil^L jU«Jl oJLft. y> J*j^\ Jp-Ul 

• cs*^**^'j lj^j^ 1 -' (_r^y'j ^JjLJI Ulj^iJlS - Sjj j>- <uji vo 
^jlsCJl yJlj dL~£Ll ^U Jio iU^i jl_>«Jl -y. iPj^^r .JUxlV c^W 

(Jl JU-llI "y Ol£ ^1 (Ja^fjJl AjkHaMl 4JU-I ->j>-j <UiU y*j lo jtJblj 

ojj tolyJ," l^ ^1 xi^_« v yi-| yi^S .J^ j£i ^i V _^JL| 
'i5^l jt i-pM ia-J^ fcjLalL Jil <, iijLJJl Jb^UNlj ^Ij-^-Nl cUU 

^^ oljli ^^ ^ o^rj ^^o ^UL IjJb oUa^l ^1 ^j t(J(i> JLl 

• II i 
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,\jj> VAi • (_>*£■ Ja--0'pC (■plfSl iaj>«il Juu U*P 

^yjl _/>xJlj JUoJl ?xJb^ Ji< jL>«j lJ-^jJI Jx;>*ll ■'yi JXCj iJJ^^jdl JLoj-^aJl 
i—AjjJlll jj— >• Ji* A_jL>-y,l jj_ sM Aj j_iXij I _>*_?- jt y*c_J1j il)U — C- «_J>-j 

. '/. YV ( ^^j^JuJl ) ajI^JI i^t j^jc4"' u-\P' c^ ur^ ^^ Jij i^j Ml 

. ^JUU-I i_jL-j^1j OxJl Jl5wi1 {y> JbJbOl jljjjj LJUJl 

LLi; (_sj^. glaciers AjJiJLi-1 iojNlj ice caps ajJuLU oWlkJJl CuJj 
^jj^- sjnur iJl_»JtJl LSoyi! t yWj^ cJl^ ice sheets SjJlU- cjUlkfc jl oLJiyU 

Lolll Jxv»j ,<£>■ Ijj jj\ ajli Lyajl jJxwj CLuLSj i_Jjidpl ^ jjLajIj (£jj~*~* jty 
Cju>-' *~ll LA Jl J* Oi-bl Jj aJj-Li SijjJ 4 Xvu l)jjA» *>«J •A*< \_JIwjI ^jjyOl 

polar LJaii! *JL»Vl ,_,* ^L_>Jiil oUjj&JI JJU^ JuljJ dUiS"j c^-jiiiL sUaiJl 
(3y .ai_*I Jul>- ^J i j*jjSi J^-io ajw-^I «Ii]l J^2_j- cJj^ ulij ; regions 






Wl 
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oUlkkJl i£j~- i^fj *J_j -W^r' f-k*-* Vi^ >«-*"^l "-^j* 1 £*J 'i 013 a 8 e iP^M 
14-jjjj^l v_J^I JL-^-j >tf)Mj INL^JI JU- oIjJl^^ JLp iaJbLl o/sfl 

5^,1 jjb j^^j (^JUl Glaciology ^^Jj^^l JLp lib>. <3t jSUJIj .*>•■*>- j 
pJUJlj hail ijJlj i-xii^l ijl>w».-~Jl t_^u>, ^ ice crystals <^U-' olj^JUl 

ijjJa.Jl oLll -y. SJLo^llI oU-JaJlj AjJULU Sj^jVIj 5JU>«lll olj;>»Jlj snow 
oLil z^* <Uj>w> oL*Ji C-JjXj ^JUUm wa-»Jl *4W* *•*■"* ~^M"' <-^ Jp A" J 

(_5^' li^cll /r_>L-> - <JxH (_$* L_^u_*wjl i^Li'jJl i_^.lj_ r !l ^y> < A _>^ v o cjL_*/S' 

OUt WSh l$ J^ii-l ^JjJl J j $ * i iJtj-Ju A*uji\j J j g,.« ^yiij t JUJL>JJ C^J jJ»J 

. ii^i-l JU^I /y. l^Ij^I oJLa jScSj plains 
(joJi-l cu>«-Jl olj-aUi jt-At J_!U^ :^,> .,<, f< r<*. ; m ci^j—t „ s 

( n j£i ) jl uj 

•j-j U ) fr-kd ii_pO tU *-J>^ lS^J*^ **U»» J^-tjj iftjJLall jlfjNl jl F-jJUaJS 
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«U-Ll>- iLl>- <JiA «l»j 




. I 1 1 I . 






tf^l^J^Jf- 



J-sl>- I 







<rr ) J££ 



WA 
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jjji-l v-jj^u.0 jju> neve juJULi k*J. y\j>-\ y ^xJLsLl tpl jJl ^j . ^JLsLj 

.( m ^ \ur 

c5^l>U ^U aJIj -^ SjLp : Hanging valleys 2_aJUil k.sj'Vl (<~j) 

. water falls ioU 
oUi-l ." Vj-f" (*-**Mj <ii-*lt oliU-lj Cirques \x^A oLU-l (->•) 

Jjij'j tLJUwU^-l ^y kheclel J.xj>1!Ij 4_jUVIj Kar ^Kil Jiu i-Jou> *L_»_J 
J^S" JSLi ^ ^Ji; : Roches moutonnes £u>i*Jl jl Sj^J.1 j^^waJl (i) 

Ujwo i^XLM |_giljpl k_wal 4j*-ljll l^_Jb>- ^9 <L/?l>-_j t^j 1 ^ ^ic- ny\ t_H9jjj 

oljjfclt -yj ^a-Ji^l io^bU oL-sa. j_aj" : Fiords objj-iJ! (-a) 

.^oJ^- i\j tSj><£ (_r^LJl «^l <_^ W^ l*^ l -^ > " cK^' i5-W^r' cu>^Jl 

: ^jujLM uLui^yf OlykUo - f 

ijs-j apU ( _ 5 1p i^jJj (i-uU-l ^Jl *-li •y j^il I ^.hj (glacial morains 

^1 ololSjJl ^y.—^J tiJLjLl r-jjLJl (JLp iaiLvJ j-j^^I j^u-Jlj t<JL>- JjJa 

Jcic ^1 ciJUbj lateral morains <uiU-l oU.LS' J JL ^il^l ^U- J^Ja ^ jux 

z -ffi ...lxr= :: 
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. apU J* ^Jl Ljwj jdl LvijVl 

(_ylp aLil J^JU viw-s- Sjj^J *i'^>- <^"\jJ *-^>-lSwo JLJUL-I j g./r'.| Lo IJIj 

«> Sj~— *m» J!*» <Vj « flSUl » JlSLsMl a JtA ^tj t^ljjl *-a~/»j SaLoJ 
^y> fcj&. U^ iJjL oliU- JSCJi ^ jxjj cskcrs jjC)llj i^jJl uJIjsj- 
erralic blocks aJUJI J^Jlj c^lll <5^il ^J J> J^ aa tJ ^! J Jl^ll 
Ai>wJl lf-^iUa>- ^i i-ibw boulders jl^^U-j 4 J „_ r J^=- J^ JCi J, d xz 
oli£Jlj ia-« jtL. ^ Lgo jit jUl ^ jUUL| ^jJ! ot JU> Jju I: l^ Up 

. ( n JSLi ) jb/SII ol^lp Jl ^ -^ Jit & I^-IpLL-jI ^IjSJj 

o^iwiil j_p«_v2. ^i alii -j-j^^J 1_*J%> A_s^jMl t.^ljxJl J£ C~*wJ 

.( underground water Wj^' ^ *Wl ) *-»j+l «LAl >>Uw -j*tj ii*v» j^l 

OjJ^Jl J^-b J)\ [tfj> *J_^>- i^v^ 4i~>. [jbjJzj iS^h C^'j ^' ^) 

. y>j±-\ oliL meteoric water oUl JL* vJyJj jj^aJl *L*» J}U- w> jMl 
^liljL olU oJa ^S tiJU-lJd.1 j_p~*aJl jjJLf SJUp Jbu i.a.xll »UI (*_») 

j^" ^- wX< ' (j*J ^L-Sj-J 1 olklidl jkLc ijU-l ^jIJI ^ JU-1 y> L_Jli» 

jjixvj a bjJj»-» lj>XvX« "Uiji-I 0L4U jwLyail IJLA JUj Uj^Pj <,Aj l>xJ| tuU-l J| 

yt,Lkflj jlko^l Ujdva^> jlS 1 »lj*- WjMl <zJi oUl ^U jlk; U SiUj 

ll» jl5 Ojj I <~~*J±-\ *\A\j [Ajs-i- j\ AjjlS\ jlfsAll 5>ul jl cSj-J^-'S/! Ja5LcJl 



^A' 
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JJ.1 ^ Ji*3 SJbJLjp J*!^ *~J>ji\ £*£ »Ljl! ^^-j * yr3 c*» *&*£ 

-A/"l c*^* Wb-^J j>«— /dl V^~*J ^^'j V-* - ^' f^' J^'j J""',^' £jX^aM 

.perviousity *lll 
*j*J-i ^1 oliiyJ! *_;>«>■ -^ A*«J! : porosity j^maII *~»L-jc -^^ij 

- /- Y* ■ c5jLj aJU-1 oJla ^ji 4^«L-v« Oj^ 4*«-tj Xp frill ^ jiJ * , Y" 
JUU c^Jl^l ,y "/. \ & J5i ^ ^T J[ jJ^> ^a eib^" vUllj 

^ ijjxJl jl ^^.^Jl Sjjj ^L* Lgj jlaJLj : permeability ^SUill Ut 
•A^- JliLl J^ ^jLis tA^L-ji jji j\ i^L** culls' f-ij^ lfiL~»- "jjj oU.1 )^j-»l 
^W"" *-** V:""* ? "'-*-^ ^^ Jt* 5, <L ^ ^J-" us* "^^Jj cy'L-^ j^w Ctt^-ft ^ 
^ ajUU ^^i^. -_^j i_^Lil JU pumice <_il«i4 ^j tljSL-Lc SJUij 
j>J-lj JU^3!j JaJjll jjuj il_^vi»uj ilvax* ^p 4^L— j o'y <jDL1Sj oilii *V>> 

. Uflj! ioliJl aJUj i^Lll SJU jjixvaJl ,y ^J^^l 

jj^waiJ iiliJl JJUjw o^bAb Jhj UjjJb ^Ij iw-vijNl alii iS 1 ^ ^ jjjj 

Ja^j y^Jl Jo** ,y J5 ^> J^U. ^ JjlxII IJa v U_^ -^j tiiJbsJLl 



. W.jJ J^ t^Uj l^^-^Uj t^ii^; i^jjj _^j| obj^ ^jjjj jsLs Jl* v^' -»*2«: <♦) 
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Underground - Water - table ^^fi fill mj 

SiULl aJISMI ^ Uu*j <,«_k^Jl C^j£ jlX/ii 4_jwaj Jl <UUjs. Avaj i*i^>- SJa^_jxLl 

Ol Jji (iili *-«j ^y-Ja-Jl Db^l (^jI^-a *u« Liyij jJio Ail Jbi <jl»jJl jbUil 
jl^^-U-^l ^ ^.ijjj ^yJLJl i>\jj-^\ ^J\ iiLwi^lj t«L*MijMl C-j£ LJ.I *_JL1 

. A^Jl jlJU (JU JLJlil T^a-v^l 

* l«^iXdfiv>JUkt >at *)«■■■■# A 4^J|&MPft-f OImAJLI *4iiiS'liiiii^ 

per- *JUxxJLj oUL x^sil JjUaJl J^>- "Ja-j ii_/>*s Uoxp »LU JU> jIL 

oUl &l_£l ^tiij i l _ s syjjJ- : _fll JJ.I 5>-ji (Jl^ L^tL-l Jl*_x*j ^JJlj eolation 

c^ J»Nl JaJ^lSl >L« ^1 J^JI J_jL-t JLpMI JaJ^I >l^ ^ diJij 
^i Lf*>i Ji*^j ^j* "-^ i.^ ^-4»j^j LjJt-J Vj>=M "M-' ^^ V"*^^J 

4_>-jjlJl A>- -p ^yi* 1 - 1 ^JJ-^-; yj-' (_j^'j ^^-1 *j'^- > " ^"J' 1 *-*t^— >-lj (_5 j- 3 "' 

. viscosity 



. ikiUl oLil iu»5 *j *5o^j jJa-Jl ^ ^^Jl J>-b jj) »lil iUJ ,jJlc jilaJ Jt-ijll U (*) 
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tijJjhcj U Ij^j tiiliS jiS'Vl i_i-Hl oLil Jji U>w? L^JU 1 }\5w i>-b <jJuJl 

La -ij Aj^^Jjiilj fjjjjvaJl ?-^W ( _ 5 ip <Sy£ aJU-LJI jb il eUa aJx**£ dUJUj 

:4dj>*MuaJI jjiauaitfl ^jU. ■>.■*. U) j) >u «i t( i)j$X« i ^ in s ( I ) 

( <jjaJU-J\ <w»UM SjJi Jjuaj ""J— **"* ^ e " ) y*w.w«il ,J} pill j»ij ( \p ;>*£j 

LpnJL jjj^ JO ^ t-^L^I il_ys oUll ^^cvu U.ixpj ijjIJdl r-^Nl <tM %>U 

^1 ij_-^j jl eLi! jcj ^j-b L 5~J*5' j*«— x" (j5^=V ./f*—^ <^> t-ij_/«ll (V 
^1 JlSLi.Nl ,y iJL-c SjlSNl oIa -yi «£oj ti±Ljj^53l j^ytw- ^^U ^jlJi 
owLa Jio wU-yj <, Ul jji ^J, CawijIS* *-Ji| ^J i^J i^jlS" cjly>Lb L^Jlp jU^ 
01j*L5jjj l^jjli Sjjj^- <_;_Ji. Jju JUJl ^J ji>Uil -yi JuJ-jJl Jt oly>lk)l 

Ji— • i-_^A.jl5oi ^j Jil tJ=uv Jl5wii j, ,^la." is_j>JxvJl oL ll pUi_>-I iuj 

oUiiic^ JO ^ jJ--Jj l5jL*^3I JI>*JI <jp «Tj ^1 sink holes oUJiJl 

.dolinas ^-UJjJL 
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dj&J iJ^-ta oLi^j lijJ^l ji»LJ.I ^J dills' A-ij-sU oUl >jP jtZj_j 

jJUII ^ lj-J£ jl»U« <y L-i^jlSCJl lJ^&I j.-^kij ^jNl ^y i^L. oly 
oJjo J>-b t^j tj^-iSJl L»j;Pj LSC^/'Jl u 5lxiS' ajNj ^ i±jj_-«U k_i$S' Jio 
ij^ ovU—C-l ^j A&\j+a}\j JjljiJl JJU i«l_^jlS3l i_jLuj^| cjIjaUj- i_j_j^53l 

. halictite c-jIi~JLjJIj ,_y«— j 

y\ { Js- h*—J>\j aJUo! £ojj*_~J| <;JjJ<Jl iSXd.1) ^■M-i'Vl bj^ Jj6 LaS 

civ^Jl A=>-} Ji* -^ <Lmoa ^ i;i_wjjLS3l J_p-Jillj ol.,rti>uil ^ JjJjJI dills' 



\At 



__y^y 
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( j i nn j i i .ii J> ) 

Biosphere 
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res- ^-Adlj t^Sj^viJl J~*^l L** iSL>JJ uiV - ^ ^~I«~*j Lajj- 1 ; IyV <J^ 
^ ) iol* SjjU-jS' jJ^cs- "£% i iJ \ J +-s^\ OLwtf Ol~I**Jl OUU epilation 
SjjUJI j! SisUl jl i-JlsdJl UdL>- (^-9 ( Oj-j^Ij ,^»«_~SMlj Os^J-W^ 1 

. gaseous 

<JUL|j t( ^_sUl ^J^UJl jt ^^wi^jji-^fll J ^\> ^J 5 ilJLJl *jum 
oU J •yj 'cSj-Jr 1 >-Jt>Lxll J> i-jjUJl ilU-lj t(5_^aJl otA-jJl ^y U^aJl 
Mi-Li t/JJl iiL. ;M ( iiUVl jt ) >Vl ^jfcL ^ J^-j* tSj-J-l ui^UJl 
_pxJ Jl _pxJ! «_Luo iSy-^ 1 (i y ^° V • • • j->«J *_r* Lw-*3 U;— ^ 4~"b ^*^j 

{ Js- ijS>^> ^J( 6j>Lxp| Jbtij ; ( ^ 7 >-'Vl frL^Nlj aJjUIIj vJtAAJl II* oU^U -y. 

ajLJI L^i (< " ft l jA\ ioL^Jl oU^jil ,y 4--i ojju liAJISj t^j—J-l i_i*>LkJl 

. i^Jlj iovJaJl L»U*4-I IfJ Lc iib&Il 

J»li! i^ijjb L,L4 *ztf lf3U Biogcography Aj_^J-t Uljj^JL! l^L U 

rtJ ,y>j cxjjjXjI iJLft ^ jjjj' ( JjI <L_ JUJl J^olyJlj Lw»J_j I— j'^ a t \?~ J* I Aijjp 
AiJLj *X$j ( _ 5 xH cSj*-^! »jLJl J^ iJlP -yi JUi_X~J il)l *j_^J-I ^*lj*4"' lT^ ^l* 

L^-jJj^^Jlj Palaeontology olyLi-l Ac-j j-bllj i^_IaJlj L^-jJj^-i-l Jl» 

. ( L^-jP j^Su^l ) aj ,>J-I SjlJI *Jlpj 

tUA^JaJI I — jjIXjuCj j~*2j ,jj>j)i\ Ttkou ^JlP oLJ-I jj+0 cl)l jS'Juti ^Jji-lj 
CAULS' l^^o-js- Uj^a?- v-owu S.lkc* Hjjtj JliCil ^ (jV-^ l —^ :> " *dJ^^L> 

£■1 jit iAp i_L US" py V • • , • • • j->*} iij ob^killj fl^-vii-l Qjb'l ..Jli 

tfjj ^ , V • • , • • • ^>o Ujva>- ^U>-Ml f^L-JlP J-Ualwil (jdl iilxkil oUlj^ci-l 

*L_j>-Nl ^ i-ii^-o ^jit C)^l j&- iiU cJljU.j i^ljj^l eiNT ^y> Ujjju 

. Jju ciyJ rt-J SJl jaJ~Ij A-jLjXJt 
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^ l jZj&£* j\ isk* ^J j^iis ji iUU SjiU £JjJVl oJU ^j tj ^T Jj 
.Li>- al£, J* ^i ^5U J5^ J^_« ^1 ^ybJlj tj iS^| 

iih^>. o-Lxo ^ jl-j ol -cSUj ti~»- ijLiill £iy^t j-£Sl dU^\ Jbuj 

. ciUJLl SJjJLi jkldlj 5 JU>xdl jkbii *Uix~.L 

i/Jl Uaj t ^L-aJWI i^JL-Jl jJidJ uv*~-S^]i -jj^^jJI ! JUs>- pi* ^j 
oljLij tJ**; d\ v>o .( hj-J-] L3\yvJ3 ,^-SjJl j^ii ) ( _ r -*~JaJl oUJlj 

^ i^J^l aiJL ^1 p«il jUol ^i JL ( CxTj-^h - CxrrJJ^J 
^ J <>-* v-J> JlsLi! <tti ^ ^/Ji ^ : ^^ai SjJJ (t) 

^jUJl vJ^UJl ^ Uj^. JJU-i oi^i JLjfji *i«>. ii>jjjS3l JU-51 ^MS ijlAJl 
<Jli *L~~Nl ila-ljj tyj-^al! Jr*-^! V-*--* ^ f-**«= — ij tolk>«i,l «L~*j 

- ^'jc^j oUa->«ll ^_— ljj ^ iJj^J^ oUjj/ J£j> ^ Jbrjj ♦JjUiS'j 

.(To JO ) 

c> tW-> 'lA^ 1 Jr-^l V** J 'J^ 1 u^ 1 ^^ 1 <> Sj-^l ^ J*h 
^j^l JJU^I ijUJ U-b. j|^aJ pill ,J JL^i lsJJI o^^Jl JU^-51 jM ^ 
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C02 



Co?. , 



^ ■ X " 

' "i 

'.Mli i ~i 1 1 1 1 1 




^j^\ o">UJI ^ bjijZM 'JJ^ 



A>ti. 



(rt Jtt) 

isu>»il ^j O^j^Jl JL_j«Sl ^U JjsLj J^>- ■y dJ-JSj Jx^Alj ,^-jLSI ^j-^jJI 
Ju_~5i ^yU jU- 4__j~J ojLij ^J\ ij\j-J~\ Jsj-ji f-lijjl S_yklis> £-L_ll frUIp ,_yX*J 
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AiJUl i-^Vyi oli ^Uai-I ,y wLiOaJL «Ui j_^ :ijU,t ajjjJI (^) 

^ jik, pj jaj (. *Ul -y. AiliS" Jit xJUL-lj i Ojj»Jl ^ xs- j£\ \- je . Jjd: 
^J 4_^> i--Slll »lj_>.Nl ^j-s 6j-**jS" i-wojijl oli L...^Li-| oi_Aj mill «Jx^ 

'W^ kC ' p-^ JJ* 1 --^ Ji^ 3 O^ U^ Jr^ S_jJli-JJl iljil «JL* Uj-b jA\j iojX 

ol_>xi au ^^IjPjjj^JI j| 4_jU,I ojjuAJI cu^/jj JUai oLil a_~«j>sI t^w^j 

.(VI JSCi ) :_jU£J| IJa ^ jySM J-vrtiJl J> LgJ| jjil oij t^jji 
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rT ■A^-^-" ! J.^' ,_s* -V-^ 1 oLLwJI 



(re JiA) 
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tijjz j. ; .^..-Jj <. J^vaJl J;A*^' *-JUp y g~i '•&?? j*«SjM SjJ^ C^>-) 

kjl> Jl ijU-ixJl _ r ,oLjJl *-JLpI *^ Uj ju> J*L^o ajM t villi j JbXiJl UjlSjCj 

Jl> (_$jLjJ| vJ^UJl J OjiicJl J* SjJL_sJl tXs- ■ j; >j_>ij!LJ U^_**j 

L»_g » A^>ti^jj co ij j~yl\ cjIjUo! <!*>- /^ /. Y \ j>*!> ^L_*jj /vm^JI .vj'ita 

4J1 ^yXnJl (5jj vl~>- l<U~jJl oJLa Jjij jl 4~Xv jlil ,V ,y»J J I Triiv Jlp vijJ>- 

. ^Jallj (J^:: — » y>l li^j ^j^vaJl i~j"^JJvj ;^j>-J| ^jj^Svll olijivo J5 J>j>- 

: Ecosystems (i^^XjVQi.fM) j»6Jl.H (f) 
j\ species ^Ijj^l ^ <^Sy Jp J^> ?..„,*; v^JaJl ii_Jl of vJj^l ,y. 

J-^ 1 l*^ elp-'VvJ 'ty^J! L-fs^tiu /w A_1pUjJ.I eL-wP-Nl -j-* oU^AJf^ 

^^Jl L^i^j £. Jajl^j J^15j J ^jl*; L^53j isolation <Jjp J JL*J V 

. association 

V' j-r^-b ^-c^ 1 ^W-^l ^y ^j>-*^i (jp-L— » p-Ja-'J J^-Jl rUiJl 61 
v_JUj ^^Jl l^_^u £» JpUj' jJ! iSUoJlj i^^Vl jIJIj W-iJlJl fU-Vij 

^ l> J^~" tS-^1 ^ ^^ ^J^ J>^ a- 4 ^_^il lf~rf Cr* ^^" 

.( rv jsli. ) 

d J J^-ji 6l an ecosystem ( ^jJ^J ) ^ f Uij ^ -^j 

Ll, UI& ojL^I ^sUj J&r ^JUJLi iijj^ j\ lj^ cJlS U4. L»U. 5Jb>-j 

°j^> ^ jl~-pl ^i^ll o^ J o^.J (Knapp. B. etal, 1989, P 216) 

.oUjiMl jl nutrients .liiJlj tfUJl JUxJl Jt>U ^ ^^Jl l«^ 

. ( JJ.I „Uj Aj_^J| ) U-| ^ ^^^1 _ I 



• U ->A> Vj ^ULJj >t>-l (*) 
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(herbivores i_^l«Jl il5t ) oUll ^ S^iLo ^JLJeS ^1 olJljJ-l _ _>- 

. (carnivores /«j>JJl HS\ ) ^U jJ- jj^L (j;JUeo ^1 j\ 

,jA\j U^j ^jVl iijij LjxSCJl Ji. decomposers iiiall pU-^I _ ^ 

0«ij ) ^yJjdl JJ^Jl CjLUj> J}1>- Jyi a\|JLo CjlSf) ^Jl Sxll SjjwjMI Jyi 

. ( oUjjMIj ^Ua-Vl ^yuu -y JLj jdl dj&j ) humification JLjJdl tij& 



^ 



ur 



JtJl 



pljui^l y isUaJl JLp _ cJj.jO L5 _ ^^Jl »UaJ| J~^r>xJj 



<uJj a~~Jj ^_r-^' ^ij^ 0^ ^r* J^ 1 *^* * s -l-3L^Jl L-ol tSjIy- /tSw' (<i <^ r_p*J 

^y I Jo- SJa-D AjjJl jvkJ! Op tilJS a^j (, J-JJI Jujh ( y> JLii; frlixJl |JU •y. 

: Environmental controls X*tJl iul^^oll (1) 

£f\j* J* La*j>-J j^-^i Uij^j i(Sj-+\ J^L>" Cf ^Jtr^ j~^ t> 

: Competitive controls a^Ui)! iijI^yaJl («_j) 

Js^b i>-lxll ^IlklSj SiUaJI y, OjJlC a«KJl SiUlu-Vl A^Uj V J>-ljJl 5-jJl oj 

: •jXU ^ L.U a^>u" jlJI flkJl oU^ ON «^Uij ^1 j»lkJl 
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•yi uJJl^o aj^s diversity f-yxJl L»l t!JSC*j 1*jjA»« ^^asUa^-j tU^jS Jaij 
species fljj^l «^L" ^ Ja2-* lSj^ JWLwiJ-l ^Ij-*-* t^T ^1 <J-s> fU*J 
Knapp.) "$&> obUJl olio J> Lgi* wK -5! ^=rj^ <r*i Js^ws J*£ ^^ Sj^IaJI 

.(B.elal, 1989, P 22 

iu-jcJaJI 4-jlj-Jl (JiUJ {j^-JiJ] -^va^Jl ^y^-Jail oLUlj Aj_/JI JlC 

.( rv JS^JI ^Ij ) tLJLoj l^*j>3j LJlS^ ^LxMl 

•Soil 4j>i« :*$f 

•^o oJLxJM inorganic ajj.,.A,„c- _^_p aj^^c-v* oISjj>- ^ ij_ r jdl OjSuj 
coIj'LJI JL£ ^ oJixJil organic *j_^va^ .>lj* yj cc->»Jlj aj_^>«-JI oLL-p 
Jl <, a~Jl_j' lj-^ i_5^^ J-* J "J ^-"^^U (_5_>JLJt-I ^_j*>^JiJ a— ~»j*i oli <j_jxJ\ JjJj 
d)jx>tjj i **' jg ■-; L^JtP Jjvi— J- 1 oLxu /j5^*j i^v^xj aUll dy^tj ^j^' <-'' t -^' j r 
JSLJi ^ dUSj mineral nutrients <uk_>«il ajUI fljj^AJ aj JLkll OaLjJ.1 U^jT 

. J>1» JjJLs^- J5w ^j clay humus ^y J^=> J^jp 

<j^>dl Jbuj tregolith ^y^-vaJl «JxJl y jJ^Ml ^Uaill ^t-^ 1 J^ 

Ji« oLJl AjJUiX) i«U ilj>i LjlP «£o Ctvp- AjjXJt j^aj ^ aUaa! Oli AjjI»J>3| 

. oLJJ jjs^vaJl J-i*ill oUU* ^ 



. olJLill If. j*M 5-iL- vijl il^ ,_y>Jj solum i-JJ^ll JUJLSKH y c-ALil <#) 
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Cj^-^J J\ hji\ jjk; J» jy j6\ J^lj-Jl pi; :*iaifl*Jbi 0) 
L5* y^ i>" lHj-*-' 1 ^ ^-^j : Active - Factors ikiJ J*ljp (t) 

^j i>jXJl JA^t ^J\ i-Jj-vvXj ^yziUJl pill il)^ puS - y^xJl y^ •_/=■ jJaJ-l J-U« 
4 r -v<aiJ.i jljil Lg-jw U/>U~ ^^i ^J &LJ.I JLiwaj Ja[\ ^Js- j-js^xJ! Jj-il <IU- 

hji 4_itA^ Cjli LgJ^i *?.r-^ (_£> ./J-* Lr""^' j-'A'''-^ Sjlj>«i! ij_~Jlj Lol 

Ajjloil ij^Jl ^ oLSCJUl (1)! j^ JLill J^ j^Ui . ^1^1 jvHJl L>^_jI« jji 
Dccilica- ISJuJl •y Ju^l J—Ju .Jyu LJ <,li)!b JaJ ^j iJ^r-^j" <J*J\ 
dj\i\ ^J\ h jlail 4j^_xII JJ dill) t <-ij_j jl «JkJl i-jj-i JUJL^-I Li'jb' lion 

v-j^ ISX-JI LfjU Ji-v-1 ^Jj JbJbA-l i^j-^J iL_£_*il jJaUlJ Aj^j ^j 
OjUb j^-w (.l^-jv. dUJU U*^>lj VLi» PodsolS JjJJ_Jl <jy" J-*JJ tyc-kJl 

ilwUxil ji>U,! ^ OjjJ-I (_yix>o till :7-j_,iaii Jlj-Jl 0^1 jp- JljUj t^UjJl 

?5JUiljJl Ajjt^lj 4ji_Jj^il i^ljJ-U t-fJJi ^ <kJ jA AjjlJllI ^yij^-jJl ^ l£L*Jlj 

. (Wilcock, D, 1983, PI 77) 

Cj\jJhjA\ f JA! lis;*- *L->-^l Ajji\ ^ Syjll C^Vl AkjJl J^ljjJl (>0J 

ji^tj ii-jJJ itj^axJl SiU.1 JjJUclj 5jj^>«il f-\^i\ ,y> ^j-^-j U^xSCJlj fungi 
jljil jA>^-i ^>U e^Jt **carth - worm ^j^l S^ji dLli ,y <_^j»1 ^L^^l 



Jj jx^iJl l^I^ ^ J-53 jtif^Jl ^ji iijJ ij^-" f j *\ ^-i ^^Jj oils ,jj ilJjjJI oJU JJI* _)0i (#») 
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: hj&\ j^ks ^ Byjl! i$>^M ^l*^ J-*'^l (v^ 

^1 ^a A^L_^.Vl ii_y>waJl iljil d)1 ^J- Sj_ r jJl jjkxJ ^yJjVl J>-ljit ,_y" 

recycling of nu- iJlJuJl SjjjJl jlj&j kjlj^i^l 0^ oLJlj k^dJ ^^Jl *UiJl 
iw_«j*>f olS ^t ii^-^Jl ^y inputs o ^oil J-*j£ ^j^Ij oLJl j-u trients' 

ojjJj iV^jjl i_oJljj <. 4j Jul rr ,,h\) «IAju»JI »U>- J.I />-« 4 — j-o-*' (U' J>-\ is*^ ' • 72^ 
Iflj SJjI ~J! <L>-bJi,l cjj jiaJI <L_»uJa j~~£ (J^-^; ,»~^*J' <UJaXA (_$l j3 ij wJCjI diji 

jip- ( vS'l_ r jJJ ij—vijal ioil—J^I A« oj jiJbxJ^M oLrfil *^ s-_^jL^JI ( JLp (JNjjNI 

.down slope ryuJ\ ^h?**- 

ij^iill 5jjxJl L^JLp (jiiaj j^ tiU^o sti^vJl (»ldil JLXc- ^jjJl (V-^^ LoJUaj 

. jlfriNli A^vvoaJI Jj4~Jl ijy «_iUi ^ji 4..A" 

subterranean w> j'S/l c/ «Lll 6j5o' U 5jU h^JaJ>\\ J_^Jl *jj ^j 

•_^ *! j-fU Lj—^l^l ^1 dUi cJiJjj 1 <uJj. Jwoj Lc jj ?T„W Jl •y i-_jy water 



\^n 
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^ 2jjS\ oJLa -yi f-ljj! *kj-j-> ^4 Ij-rSj i?w>ti _#£ peats *«JL^- KLi \ <, -]| 
iaiLdl Jju_w« l$J Jbjj u5 ,xJl jJaLd! ^i gleys Jl hj Jiu iJj^aJl i^, jbuj 

: Texture ij+ui qamA (!) 

_^ ) 4—Jjjd.l oL-jJ-l ^>0~ ajJjj" ^J j^j ^j}\ Ajjd\ *\ji 4j JL_v<XflJ 

fly »-i»ji_sj iy**mi !>" c ' ' ' Y i>* J^ c5Jv— *-" 0^' J^J (i^VOjY 

: Structure hjii\ *-***>» $f JLu (w) 

i_s*j v^y (jes^ £*-^ u* ojJcwaJi kyii oL> a^ jiCJi ^ jik; 

l*s>~yj\ cjIjjJ^\ j\jJu Jis- L^Sbj j5o y <jjXJ! SjJi i_i» j_£ j |JL* t Uk>«il 
i~J-l oU*>dl ,^-Jj ^iij>Jl JbjAJi Ji. IJJ^ jl ajj-Ap cJlS" ^Ij^ Ifl 

Lfvi~j ( ^ j-Xvil iiJ j ) j*Jaii_. LfvOAJj t i. jX-v. 4_«i oli p^- ^ • fli'jL 

^j^s jl aJ^j L^ oLil v<r j 4>. JA Jlp ijjJl ^y jl ^J| jjjjj 



#■ 




•*iAi J}* S^~^ j kyJuJ\ l^UU^., oUUll *j XxJi (») 



^V 
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; JLA Ji\ ^JjA -y (y> V^j horizones tiliT aJ^U ^J j^Jb" 
« JJL-t ^J\ ajjU^JI ^-^bJlj aly.1 t-jj^J L^JtjU -^j ^xJl leaching J*«JJI 

pUJIj (1)jJlJ| ^J> <Up i_ilx_>*j_j o^^-JiL-—* I J-it JjL*«1 A-A; ." t-J J)— J) - 
< r JUo'S/l Silil -y SjL_p 0j5oj i-J Jit (yj ^yJl iLJUl y>j : .jj» Ji] - 

(_^jJ-nJI LaJL>- ubuj t <U yrjjlj /jjjSvXJI A«Ijaj uL*j _yUJ (t-J LfJ! ijP J&\ (^l *4y^ 

. fcull 4JU-! J} SJViH aJU-I y. aJUxJI Aik^i 
soulra A-j—ii^ ijy j] i_JUot Ajy ^J ^_r^ fl—P 1 *-«■«»■& -^-jj I— • s^Lpj 

<L><Ja-^< C<^ AjjJ (»-j t Ji jI ,<4 «Uu*X— « <L>*Jxud <Oyj u_j I Ji j! (Jl-* 1 (U^tjj 

O^jSCj oJLaj substratum kyll c^ L» a1^> *j i_j jit j^vaj U UU_> . subsoil 

. 4*iL3sl-l AJjXJI JjLut j«-2jj iJU^'Vl hyyu,a\\ J>ly.l *y 

^l_jll Jij -Li gray soil OjJJl JjiUj A_jyll j£lj t ajj,.,A, , «JI S^Ul -y Jj^-iiy 
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. L^JIp AJUbJI i>^a>j *\p?\ -^*j l$£> y^~ ^"j"* **_/*** w*jI ij^*jj 

•_^ iJL-P A^^-j Jp (_5_jX^ Sj_<w>*il jl elj^-J-l hji\ d\r-i *-^Lp J^^J 

XAvij *Ul_J| j\ 3j.tii\ OljJMl gsJj . I^j JuJ-l JL-^-LS - ! S-iLj J^ ^ iHJij 
I^sjL-a-JI X_^l51j <»j — j^wJLSJI oLjjjj—S' JJLo A_^iJbi«_w« 6^1ji_* *j>-j ,\p a— oU 

. jUvJUJIj 

jl5 alj o^_>J.I ^kJl Jp bL_xp| Ji_J-l J ^Jl oj JjJ_j£ j5Ujj 

JUjT <y ^UL-JI ^j jj-U-l Ji^ o- 4 M J ^o-^l Silll Oj£s 
micro <2JjJ| U-l ol^isai SkJ^ ij^Ji ^| ,JL» JL>^- Lj^j Co^ 3 
humus JLj Jl l^U jlky 6>JI itf b ^Lp J5^ ^^ l_^ - organisms 
o~* J>\ oU*>dl ^ j LwpUI oUJ-l dJLli J UU lj_p ^^JL ^JUl 

• u ^ V-" J 3 -* 5 jfih ^j^ 

^lj.A.1 > U^JL" u*L^ oL-L^Jl y J^j ^^]| ^^ j^ 
o^- o! U} ^|j C ^^J| p H jt ^| ^^ ^^ uw _ t ^_„ 
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tijJl 6j^ J H + ^jjj/jll oUjjJ Jl* OH - ju~j>jj ju^JI oUyj jbj! 

4jy Ji« l - vsA» - >- eJjUl jbUl ^ Aj^xll L_*JLu AjjJL5 AjjIy^yaJl 4j_^J|j 

.jlLu^/l c-^o /III SiL. ^^1 J^jj viw*. JjjjUI 

al- i^U ,J\ dj>*£ ,J V jjijjl xp ikUju ^^J( aj& jJY.1 ^L. ^1 
. I Jo- ijjisJl sjjjJ- aJ hji\ bj& j^\ ^J\j \\ _ V -y. kaline 

*>-j}j hjiSA\ o.XwVl p-ljit OjO>«i] U>j—*J-\ ajjka Z^+jb] *j?Jj (PH meter) 

. i$x» oLJI SiUx**il t/jJuj L^jLji 

Vegetation tj * * j Will CtUUi LuG 

iljll r-ly^J L^JtA:" 1 - (j-* ^Sd»j ^Ij tiLjiaJl L_fcjjJb>j y^ii t-l^s- (jULli.1 
jiljj XjU- ^ ^1 JLi-l iyd Ulo 4*Jj-X)I (_ji Jjul (JL^t <y» A_ «J>Ul i-JliAJl 

jjlAjj i<u__« ^Liy j! ij^-jdJ ^/j-jli-l pJauJl ^jIp Ujj__*J i«j^Aj| L-JIJlaJI iljll 
. j>^p}\ oNvAjw ^yj jlkflMl L^i J55 ^1 jisLdl ^jj dUi 

ASO iwi^ ^-ij^jj ^j'j 3 " lw *Jj^ L -*-" a -4 *— ^ly' A?*^ 0L1II l)j>J \Jgjj 
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liiJi (j-i^J Al-Jl jlJL- • ^ j*l— v« JSCio y\ll JaSL^j oj! j-i-l 4>-y £&j 

Ot i^sCajj .AjjlJiil Ltjl jtLdl ,y JU-I y> L5" tjt_Jb /:-« ,yU y? ^fU 
jtULt ^yii c^Ldl cij>j oUUJl y, ^1 J»L"jVl iJUl jsUfeJ-l y a5"jl 

( S^/i « ) ,_yj j/I yr.la,.«i y LjjJ j.^,la.) oljLJl 01 ^— A ?-Liyj *$Jjp\ SJjJ-i 

jlS^Nl jJUu JiiJlj qLAI ^jVl ^UJi-Vl y al£.)ll -,0a* S^LJ^>U OLJij 
■x£ ( AiyStdl oLtJl y y^j ) iiU-l jWUll ^j .ojjLJl r'Ljji! ^y^l y 
jJl -y •_,£*! L J-A2dl LiUij waxy wij k-LJ.1 SjJw jl>**iMl o\jj\ o\ 

Jljjlj dL*—^ *U- oli L* V^' f"' ■p'^' 0"* -1j>-* *Jij '7*^ - y*~^l t^-s^-** 

c LgJ ^ytS yd! Uij^kll iJLSaL-l olyi! oLlL) Jiti^-Vl J>-f y d-Uij t&>^»-*> > 
oJLft -y JjJ_jJ| Oli dili t_JL>- ^J ^succulents oljL-sa.ll HyVl «JU yj 

isfLJ-l L$JM_>- y JJU& yj—vill JJL-CU i_jSCjlSC-« 4_^>L>- L^J CiljL^vflJl 
•yj <.Ljl>t«JI Jt^>- 6jjj53l X^l yLJ y jJL» j-Mj Ji/££j ■uijy'l C-»LL**li 

. £t£j| isUa c-li oLLJ.1 dJU cJL» LvLS" <jt i_ij jjJ,l 

jU*_Jit JiU jUJiNl ^yiju jl_/ tL>ckJl <_JUl SyjJl oli jtbil <yj 

«~jL£JI Js-t y eUl y Sj-jv'S' oLi-S" «XJ ^yp SjJllI LjJ WllloWS uilyflAvaJl 
y j^J ydl oULJI Ojwj tS_2jLJl aJU-I y ^j^SoJl ^jJLp oOJljJl h^>J\ a-« 
^ j*^ jyil otiLJl Llj t hydrophytes iJtlll oIjUL S^ a^-jOj iJaj iLu 
^ y^ ,yJl oLjL_J| Ulj txerophytes iilisL| oLiLUb oyci aaL>- sJj^ii 
. -yXAiLJl yJU-! yj ia*-j aJUxS" mesophytes LjJlp jilxi i)ox><-« j^L* 

^ij-^-l t^-j Jai-j" Uiljj! xJ- deciduous forests l^JiJci\ oLUJl Jtj 

V^ a* J^i ^-** 4 a^^' ^^* J^^J • p-s^l s j-?^ ^ ^ ^ ,JLiP 'W»L>-j 
o>-jjj to^jLJl ,>jyJl siLb 4_jj_^iJl oliLUJ 3uJjJ-\ ULkJl -y aiLiJl 
JJuJl 4^U_^ ot ^y jio a_^I a^JI ^ JljjNl ,yiiJ y-T ^^ sJ!UJ5 
uJ ^Jj-^ 1 olj_xi ^ 4_v<3L>-j LjLJl (yjjJl (j—i viLS" j-wi- ^ M\ 

. *L\iJlj t_ji_jj_i*"l 

l-JU-I IIaj ^^^Jl l^jU- j->-! ^.\ y _ jA\j t LLJ| ^j^U UJLI J-^LJI 
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r-^iiJlj 5ilp L ^xiu (^ JJl L^J j>- xl t—uU-L; AjjUIL ,_yU- Jl yC& lj~!> Z**0j* jt^u 

.( rv js^i) 

ji /^Lxj J*>U- ^yl—xll j — *jJ\ s^sCi oj :Succesion ^loji i.it ■,u< (r) 
oiJj -UjJi S^jSsi _ A_j>-Ldl J^I^joL) UJj IkUjI ia—jj^j vi-^>*j - cr^-j-* J-^-*j 
^ «ul ^ «_^a]| oJu. ^ytU^jj .Clements Ju ^Ip Ojill 11a &* oLJtAill ^ 

^ c~«5Ijj ^xJl aj^xJI okxi» ,JLp mosses 0U&1J.I i_jLLpI j^Jai *JJ JLSlJiJJl 

\J»y±>- jbjj AJU>*-jd,l ioLJI i\y,\ OU*5 SiUJ jh-*j t aJ__J_jJI <U Jul OwXjJ <Llj;)M 

jj^ kj>j tUjLJI <2_JaJl vjLi^Ml J^ grasses ^/ULi*- j£ J -^j iaj/)I 
J>w> jl>»_JiNl Jj^j ^Ui-JL.1 Jj^, u il J _>.Ml Jj£ <>jill <iJu_ *- s^b j j ijyjJl 

.(rvj^)^iysn 



tUii , Jo\ .1 



^jiiLi^ oil _>w jj 



^j^ju-^ Oil _>i 

i i >„„ ," ' 



Jj^^O OlA* 




a*jSj^j a/LIS" CjlilA 



\ y Y«_r 






\0- + 
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^ U_~*lj ULlJx^J 0L_»a^u-x*vj pUJk-s«a.4 iJbk : £*L_UJ/ ui*»$ <P) 
com- oU^I ^Lillj life form«U-l JO JjVl ^ OMiw ajjjjU UiyLl 

. iJUJl munities 

shrub cjIj-^JIj jLs*JN\ LiUII SL^JJ JlOf i-^jjj . Lf; -L-^- ■*> cS-^' 
*j grasses ^UlJ-I J-o-^j herbs^JLjj! «UL| ^ iianas 'WJLxil oUldlj 

. epiphytes iJUkdl ol;ldl lj*>4j u-^' J^" V"^ 1 

j^»jj idliix^ JLSLilj cjIjU ^ Aiuzi ; ajLjI ipj^wiJ a^oJL Ui (i~->) 
<JLJ JLSw! ^^Lp Lgi>-b J^x_Jtj Jlill J^— >* t^ JjUJU t&j-*^ <?-Lw ^y 

0' d^*i <^"" *'J*Jlj *y#l\-> <-jIjU Jaj ^jiJl /»UixJl y IwAIlJx^ ej>- J5 u)t 

VUi £ijjvi ji ^ uujaJij >ajij i^sui ot j^ jisli j~- J* 

j^: L-wj y^aJl ^ j^_j Lf S^bi\ c-uijJlj ijl^uiMl £_>JL>-j gj^Ul Jip 
U c-Jl^ oUlj Lj^i ^ s>x , jt^ juj jj ^l^, (t _ i - ^^ 
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i>jA\ ijji>- jjlk; /.JLP jL.^-^1 ^ i>-Ml *^ Wilcock, D ilj-CUj juio «u /.IS 

i^>-j .JLp i_^«j "JLUSj (J^UlI «JIa ^ r-Uilj (^pX—jJaJl CjLJI "_^ J5" Jjwb«- ju> 

. Jjjillj t yc : JaJl oUxJU LajjjxJI jj-aj! lfJ'!A>- ^ j^»jj oUjNI 1$j 

ULc jUj>xi; Uxj il_wiJ1 J^ai cLil L»Ja*- <jy _^k; jSj t permafrost *JljJl 
Jii >u>j c subsoil *j»^J! c~£ t» ol — !Ll> jpxj l^>xJijj oLxl i-j^^—v^j a5^>- a^»j 
•yi "01x^1 iw» L2j j S^l «_>■ jLai (J^ La »i fr^>iu ^xJI jL_>»Ji j/l ( _4£><Jj ^i_j^ 

s^vJl f _jUj (I)' L^Svoj .jJl ^>j5Jl oljj>%JtJl ^Juuj mosses oU. 3 .y u .Al i_jL!upIj 

f-l_jj"^l ^ oli~Jl jA»\ •_/> Jbu AijJl oJL_A il)L» liSUj i^AjJxll i*-5*Jl <JijJa}\ 

rendeer *jj\ Jiu herbivores iw>^Jl iisT H<p"S/1 ^ 5jU I^Ujj-^-j tiJLJl 
carnivores /»_^>JLJI aJLsT ol)lj-J-l ^yuuj lemming ^y^j voles JaA-I jUj 

eonif- /SJa-j^^a-J.! oLUJl jt U^ld! ^ilycLl AJjjiJ! J*lj*i : ^^MH^i*' (0 
SxJl oJLaj podsol JjjjUl i;yj subarctic ^^kiJl Oji lSj^I r^-l /"-* crous 
*tZj ^ -yij t Uiu! JJiaII Mil „ __p»-lJlj rj-^ ci^^ 1 c_s* ilr^' JaiLwxSl ^J-u ,j>> 
}l_>v— i^ll d)i ,<— )J I JaJj i4j v_l)l cj\ p1 Ui ^i iy^' |tA5l i— jJ 7*-ij liJUi t y = ' 



w 
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fc 
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^j glaciation kJdii-l oLJuaJI ,y L-L-t U_xw> lf)li Li* ajjJI Ul 
al_o Ua If! o^*i L^J^_J» (i ^jVl Sjjj » L^oj W_JjJl cL>-bU i-^Uj 

Xj_jviu<Jl iljll tjAjJ *J ^J <jL*U J>jJ>*^ Lfki^-j ^jjXll i^Aiy cV^^J iw^ 

SJL^xll oLNjJl JjJij Ljjjl uj> J UUt A^y :4JjJUI» CiULmJI (P) 

•y» sjIiwXp HjjI L -^ s r>'j ' ^j^*-! ^dyH i*^** 1 -' <_^*j '^■^Ojj' c^J iIk^^' ^j^j 

olJLkll Jj Xe-iy^i^ lfJ!)A>- *u.l i_Jj*«Sj <1)j-UI 4*Jj> AjjJlj I <LsOji] oblp Ua (_y*J 
_ >>*~Jl ^pU—ptjIj Jail -^-"jl A* *l***»jl tJ - ^ JtA>- <L/>l>-j il) uJ dl 'y> <UXsOl 

'U illl { \P i)JU_wj AjaaiIj uU, SJLXoJ.1 jjJ^-\ OO L*jL>tvKI l_^.„ »| »L5l»X*Ji il «iu 

c bjUi^S Si *>til jpvvaJI jV> <LJ|JWl i'jil ^-j>«X>*j 01 «U«/»liJ-i o-LjJ If^Sv^j |Wij 
. < — oj^sL-t ^ (jljj j/I byu» cLil Ajjvu 1 ilj^S* Aj_jXil ^J[ Uju>cJ 

Jal»«j 4j_^XJ1 Olwbij AjLJ JlJl *L>oll fjpJj t L~J j^v*-*^- <UjXjl ^ Jljjjjlj 

4jjX)l e>jj& p-lx^j tAj_^ap jji> jl <li j i ,a ,p oLi_jSv« oJl? >-lj~>i L^-Jlajj LjjLjjSC« 

Uaj| i 3 _ v alAJ ^^i iJL-vJLJI I5vy>l ,_,» oLUJl «JLa f\jj\ \A . A»**\j CjL^-L** 
\*y \ y*ii iijliilj LpjJ o . _, i . ^j U Ljj J^jj ul->- U^" ji^t l^iSdj 

Jjj . oak i»j>LJlj chestnut Jk~_2Jl U_,U_Ji! ^yj c Ljjjl <~jy> ^ iaU 

A-.., rt ii ljU»_Ji) ^JjZ J^_*iu iiab-i^i oLLp Jl>-jJ obLjJl oJlA ^ JU__jJ| 
cjli jl>t_JnM Ja^^ydl j>*yj\ ,jj>y>- ^ Ij^-S jJ=>l^ ^ ^ryj •"^jj-^j 

*k>*A cJj-ji Jjjl Jj L^Uajw £j£3j oUaj^f-kil pljj! ,_yaxjj ivijy<Jl (jljjMl 
ijjwXJlj t_JLol ij^aixJI ijLidl Olilj-p- rt-Al -yij tA,*jjL4 <U^<i_i CjIj3 JlU iplj Jl 
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*\j JUUiJl \SLjA tfjlj, J L.L-1 JJUi tiJAijai J*iu*J-t (i) 



tsjji ij ji^J ' W^ij-^ ^j^r Veld jJUj ijj^-l ^>y ' (/L^j L**T -^j 

J^M ) iLjkJI v-^ 1 o 151 ^ 1 ^ ^^ ^ ^ ^"^ Jl ^ lkJl ^ 
j^oi: ii-_>- *bj~Jl <jjJl j\ chernozem m jJj-lJl ky Ja-*-jJl ,yj ( yM y 
^ JS\JJ~\ \±~p v>H t> LJ^ P^ <_Jbi~£)l ijdl ^ L*t c^UJ-l 
iiL^ tjdl -y «^LlJl £|jjVI ^j iSjj-^iJl ^LApVL J,}^Nlj jJIScJI 
( aiJI ^ JL. Vo ■ _pj ) ^ _ ^^^xJl i5LU £ Ja\.\ cjUS" ijjL^Z t/Dl 
Ju/Jl •y (l) Ji^ll <y 4jI1~» £-!sU ■>_»>• j ^PH 1 hji\ U>j«j>- l^ JvaJj 

."L> .1^1 >~xJl iili> ijLj l_~~> dUij tA^dl oUJoil «Ul leaching 

ISoyil ^i L^j iijUll; i_i>-1 A-_>-Ui.l «-ij_^ail il«>- L_^l JL^j ,_^ JU-I ,_r^Jj 
dUi <j £m\ Mj tyaSl ^LAJ-lj Juls? Jit JJLJl *lkiJLJ diiJUj caJLuJI 
Jit tfU-^j br oUl *y ^Jl l5>>^ ^-» i^JL*- ^1 JL^aJI Z^-aS (j/iaj ^jIj 1 

JjuL> (5yu l» IjjiS' Lfjli t LsUla olj3 cb^ jlall JaiLo /»JU> ^-ij_^ ijLi>*Ai 

jilj^j ( _ r ~*-jlS'jt cjUNj ^ Oj-Sil l-i* ^ oLwotAiil ^ J^Jip- L_Jii« r-b^l 

toLil L^u« JL_;vaxxJ L-^J *jz-5 ^-bJ. «y«-i JS" 5_s>-U- dJJSj Ij^Uju ^LJl 

cork. -jJLiJl J»jL jU>«Ji!j OjXjjJ! I^juj iSL_»^i Jljjt oli Lxa jU>*i'Vl rtJajw j 

. overgrazing _^Ul-l ^J\ l-^-j IjjaJcj> Ua i;_^Jlj . oak 

^jyJb semideserl ^jU. — Jl «u-*ij ^jl^-vcaJl jb-jj :f <j ». .<» ri (1) 



— ■■ - ' j p' Qj-^-^— -^ 



Y*V 
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J^" S* (J 1 s '^ > ^' olVjJl ^>y> Jl_«-£ dJU—j L-^jijS ^Ijp-I L^Lo 
oi* t-Ak-iJj tL^U-^fll JL_>- JU_J- L_*-T Ja~. j ^^ (.I^jnu^j t Juj>L5 

JJs-L* ^y Lfpyjj ( A_oyJl SjjjsLlj UljXwil i-j^p p.| j _>kv>j ^ij^4"l l^iy^ J 

• J^J c^j^r M_/«*v> J JU-l y> US' LgJj Jjv^Jl y jUtwVl a> 

£? - 7-=S-il! *iU> Jj»L>^ i_i>wa-xll IJla olS" *1>1j . JL« \ o . _\ Y • ^ L- 

. 4i*Jl JJ^f-i J^>- jJLil AJjjJJ 

V" c*^ W^ uilM-l J*** Jiji ^/Jl jtULI dill ^ lJuM ^jUwaJlj 

J Jai^o U lz\-& y»j t-dsjl^ ^UixJl ^dPj Jail Us *j> <■ j4—5> ^Jw±>j j4*ii 

Ji« oLil Lfj (Ijjx-Aj ^ydl io^_^JtJl <5Cyw«Jl \ s^l jjt J'iU- -y t ..M„A-L| i_j j Ji 

JSL-j y dDi ^j iiljJt J5^i J Injiljjl j^ J^Ul. ^ jt oLjLwaJl 

i_r^ (i y^ ^j'y-^ 1 J^xJl OLi olil UaJ IJiij . ,_iUL.| £hll uJjJi ** ^LScJl 

•jSlfjj cOl&! L^j^aio j^WLJ JUL; ^j f j«*tijJlj j.jJijvJl Ji* £**^l 

gj[±> jjjl. -y. olil US OjiljJ li[ tJ^Uil ^ jjuJ iJU i^bjl Jq^' ot 
• LfcH y^ i>^l *i j^aaJ! oLsasJiI UJ| cui^lj iib>il ^jJl 

^".^ L5* "M- 1 ^j^j >«rJl *»lk S-^Lj; vr^ oULJl jjJLsf. «ui Oic ^ill ji^l 
•■y' 1 J*-^ ^~ ^Ja-Jl ^ t5 A*_S j&\j lj\Si\ i^iil iljll U^. *JUL*. ijM,tj 
oUjj^j jjj^lS" y OjUl ^Ua_o salt crusts ^_>Jl<» jjAi J.SLi J ^"j 

y t\*y^, IjLJ, ^Ja-Jl JP 6^" L-^ill AjjiAJl ^IjVl Jj t (.JJ^j^-soJl 

. |>_jjjj->aj| CjLI^j^ rt-Jly 
CjUjj^ l)LjS 4__XkP v_^_«j ^Jj^-i-l CjUJaJl 0j5w lSj_>-1 jjalu Jj 
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^i zj-j>-ja j* If \Jix» j-ij\ <A)L-*m L_>-L« kJjJo r^-^ ijj--JL-l **— ^' ^-* 

. reptiles <J>-ljjJlj rodents ^jl^lj Jj)/I ^jUwJl 

^j>- ^ h^\j ol>-Lw> oUUJl oJLft ( _^aju :i--bjjf ijj(j4l &LLJLH (V) 

_^5lj ^j-^- (JaJt-'-j Sj>^tI l5o^>l ^i jS'yjjjS/ij ( ^ d j)-!* o ) bjyH\ 

^-*ij*l °^ J*2-i £ji V • • • j>^j cL_^I Jj-^J ^ jM-l ^.r-^ CjLIp ^ 
^Uai-I jx^ U-jJ_^! Ljl, UUiJ ojL^I -/Uj JUlj (Harris' P 244) 
Cy L- p jp * • J — *-' j>" jL-Kfll ^ J — >-jj >1~_>- heterogenous ecosystem 

oljjJwaJl -y JjJ_*Jl iw-JUo OlUJl oJLa Zj\_y> J^U^I ^J LjJli Sj uw) JLa 

8jljJ-l iuSUl Sjjjiil jlk.Ml ^ Ji*S ^ J^ly> J} ^iJl IJla grjj 

.^^1 J>\ IAcj> tf UjUpI i_j^b>.| jUpNI ^ 

L^j i^U^I jUi JjMi L^Jlj ijU \ . y. jsi L^. ^^iJlj 1^1. Yo 

j^: L^i" tP^AJl yj ^_o i_iLdl jU^iNl L$LL-t ^ s j; ^ jjj^ !i 

• ^.yJ 1 obj^l oli Sykji! oUUJl ^ Jl,juJI 

L. JU^ L^Jj L^pIjj ^ JjVl J^ljll ^ Ijcr W ^j ^ iijUXJl 
apIjjJI ^ ^y l^. u j_jj| oLU^ i^^j ^ l^^^,^ jl^- 
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JjJi ^jS^Cjj (.{jj^-j VL-1 U-UXj! LAS' M^Ip itajj lJU>- Lai ,$!«■ *!jX»*Nl 
luJl t _ y dx_^u j! Jl 5 a^U_ju jl^.jbi Jj Jjj^lJ (^^^JLlI j^Ji JU JUL 

^wjil j*i*)M Jai Jj <_y«^ £»!,>J! J Up. d>->-ij Ccly^aJlj SjJail CjUUJI 
form- 4_> J-jO-?- La i-Jj-Jlj . A^jjXj^I ISLjyl ^yj ^JSl £yJ>j-> j$£ J$\ 

*j> ji>xJyy\ La Jaixp^jj t ic-ljjJU L^ilL 3j>jjM ik^i j^> ( VwJN ) ginous 

L-il5Ml La jU^iVl ^j ^L*jj jL>I iSW r , o ^ JlS\ J\ LJl^i J^- 
u^ ^^ tiLla-i J UUUl JtfL-i*. yLxb" Ul^ju-t ^j baobab ^LjLllj 

•y L>> CjLII^_J-I j»_aIj i^ljjJl J^—aXwJ.1 jis>L> ^» jtbil «JLA JL_<uj 

i jj_*J|j ij— Ml j»j_>JJi o^AsT ^j t6j_2Jl j^-j-jj oljjJl v_JLx)i o"5LsT 
• SjULl ^jUwaJl ^y. LiL.1 jt. ,_£JJ| ^IjsLlj tse tse ^^J iJ Jl 5jL»j La ^l^Jj 
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r\ 



Abrasion 

Absolute Humidily 

Acid 

Acidity 

Adaption 

AdiabalicColling 

Air Masses 

Algae 

Alluvial Fan 

Alluvial Dcposite 

Alpedo 

Angle of Dip 

Anticline 

Annual 

Aquatic -Life 

Aquifer 

Artesian - Well 

Arches - and - Stacks 

Archipelago 

Arcuate - Delta 

Ash 

Asloronomy 

Association 

Asymmetrical - Fold 



£-lj/^l Jjou j\ rljjJl Jj^ \Sj)\ 

™y J* 

. i Jl»da 
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Attrition 

Atom Sji 

Atomic tiji 

Attributes oUUil 

Attraction (.->Ua&~»l) i_jJu»- 



B 



Back Wash 




j>Jl »U £ l_^Nl alJCijI 


Bajada 




l*Wi 


Bang Kiang 


eM J** 


cJ6wj iSC&L* iw^-ljj ^4 Jl>-jj ji>- 


Barchans 




iJtA^Jl OU&I 


Bars 




ijlUUi iJi^j olil>- 


Basins 




^ljp-1 


Batholithc 






Beat 




^yU JU 


Beach 




i_5^j £^ 


Bed Load 




^Jl *-U iJ^*j>- 


Bedding Plane 




(JL/aLail s*cJa~») AJiJajl *tk*x 


Beheaded River 




jj^U _# 


Bench 




iAl^iXA 


Blind 


("Uloujli <J jju I 


*ij~Z j^ll jtldl ^J -i=rji) LS **\ ^fi 


Block Disintegration 




y^oil L5 ixS' liisCii 


Block Faulted 




L5 bS' NUaJ 


Bluffs 




Ajj^j \sj\jS~ 



Bog »_ij-^aJl e-j~o J;*^>j iil>*xLl Sjj-AxJl jljilj "u*^* A***-** 

Borrowing Organisms Ij\m>- cjUjIS" 
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Boulders 
Breakers 
Bulky 
Byoyancy 



Capricorn 
Calcicoles 
Calcillcalion 
Calci luges 
Canopy 
'Capillary 
Capacity 

Carrying - Capacity 
Carbon Dioxide 

Capturing River (Stream) 

Cataracts 

Catchment Area 

Chernozem 

Chestnut 

Chinook ^^lsli ytf ^J.| 

Cinders 

Cirques 

Compound 

Compressional Forces 

Complexity 

Concave 



fiy 6 ^ y&> 



C 



' - ISj' M AJI 

(J**dl tfll,) J^Jl Jlp SjJiail 

|U,..* 

(J ■ 

■>y*Jl UL j^ujj l&^f uj* fciljdi iij^l -L.J 

jlS^I jU^I frLil rj^ UaJij obxia 
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Cone 

Conclets 

Contraction 

Conlincntalily 

Convcctivc 

Convection 

Conveclional - Rain 

Corrasion 

Corrosion 

Crack 

Crevasses 

Cumulus 

Cyclones 



Dcciclous 

Decilillcation 

Deflation 

Deflation Basins 

Deforestation 

Dcnlritic Patter 

Dendrochronology 

Denudation 

Desertification 

Desert Bavcment 

Deranged Pattern 



rtJ>*>-l ljj**0 A^\Sjt (JajjUca) Cj\bj ptjt 

AjjUJl 

• _>_p*-vaJl o~xid jLfjjM aj *ja> cj SCjLSL« li^J 

jjiwaJl C~Xaxi jlfiMl Aj /»_j5j (ijL-S - CU>«j 

D 

a^sLLJi iijii yijj 
Ajji: 

AjjJj ^l jp-l 

ajUJI SJIjI 
(,_5__^jJl w-O^vaxJl <U-laJl -b-I L ylp J*Uaj) [Syr^ ^ 
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Dew - Point 

Dip - Slope 

Discharge 

Deslributary 

Dolderum 

Domal Structure 

Down Throw 

Drainage Density 

Drickanter 

Drift 

Drought 

Drumltns 

Dune Colony 

Dumal 

Dynamic 

Dykes 

Ductlility 



(aJJjuj 



II J2*~» 



Jl i^^JU jJi^li Uj15) ^aJ 



Earth Flow ^} ^.yr 

Erath Heat Budget WjMl «j^l V 1 ^ 
Ecology (SJ-1 ohjt&l ^ iikkil olit>U3l ^j^b) U-jL^Nl ^ 

Ecosystem t/r j^j^.1 fU*J 

Ecotype JT^j^X ^ 

EcotOne fLp-^l ■y i vX«Jb>«^ ^XPja^s -jjj SlvaU H2Ja> 

Edaphic Factors a^jJj^j J-"^ 

Edge (iil>-) Jb- 
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Eddies 










cjUIj^ 


Eikanter 








OiU- 


^^J o&rJ J* c*-^*" 


Elbow Capture 










j~Mtf 


Environment 










Aiu 


Energy 










iiU» 


Eolian 










J^ 


Epiphytes 










»1 ala;« oULj 


Equator 










»-IjX«m Vl Ja>- 


Equatsrial 










^yMj^-l 


Equilibrium 










^jlj3 


Erosion 










*i/^ 


Erosional Cycle 










4j i^Ul SjJ^ 


Erratic Blocks 


4jJ-JL>- 


^ 


lAi j^j 


^11 jtUll ^i (i^iU) ilU JxS" 


Escaipmcnt 










iJU<3 jl "U~sOA iil>- 


Eskar 


<i> 


_ ^JUt^- < i 


t-jl o* 


i/lj i>-yC^ 4Jjl» *il>- 


Estuary 










ij^M- iSjti v** 


Evaporation 










>ji 


Evaptranspiration 










r**^ ~ ^p ,t t j 


Expansion 










iJLC 


Exfoliation 








jj>^ai\ <ij£ y^ £jli jSJu 


External Drainage 










crrj 1 ^- ^r^* 



Fault Plane 
Faulting 
Fecundity 
Ferminalion 
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Fertility 

Ferns 

Fcrrogcnous 

Fetch 

Fissures 

Flesh Eaters 

Flow resources 

Fluctuations 

Fluid 

Fluvial 

Fluvio Glacial 

Fog 

Folding 

Fold Mountains 

Force 

Fore Shore 

Forest 

Freezing 

Friction 

Fringing Reef 

Fronts 

Frontal 

Fuel 

Furrows 

Gasious 
Generation 



g\jX\ j\ C LJ! Ifclp IS 



Q 



l_5 JbJL>- 

5 «J 
illScto-l 
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Geophysics 

Geometry 

Geothermal 

Gcosynclinc 

Glacialion 

Glaciers 

Glaciology 

Glcy Soil 

Glassy 

Gorge Like 

Graded Stream 

Gravel 

Grasses 

Gravitation 

Grove 

Gyratory 



4jjul»- jL^Jl 

(0;lj^) J^Ui4 ^ 

^jMl 6lj<p Vr-*-? °^*^ ^'jJ 1 * *^j^- 



Habitat 

Hail 

Halomorphic Soil 

Haliclite 

Hazards 

Headland 

Head Ward Eros i son 

Heat Island 

Heal Radiation 



II 



JA J\&\ ^„ J»j* 



cs 



>Ji 


<Ls*JU ktj) 


A iUU oJU-P-t 


j\±*>-\ 


v-*^ <J"*J 


jipUo o>«J 


*ij y~ ""jij^ 


iS^r*- ^^l 



YY 



-^ 
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Herbs 

Herbivores 

Hemisphere 

I letcrogenous 

High Frequency 

Homothermic 

Hori/.onc 

llosl 

Horst 

Humidity 

Humus 

Human Ecology 

Hummocks 

Hydrology 

Hidrolisis 

Hydration 

Hydrophyts 

Hydrosaline 



^ J^ O 5 ^ 



Identification 

ImersedsBody 

Impurities 

Insulator 

Inselberge 

Insoluble 

Internal Drainage 






J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Intrenched Meander 

Isohalinc 

Isolation 

Isotherms 

Isthmus 



0* 



Jet Stream 
Joints 
Jointing 
Junction 



Kicnlic Energy 
Karst 



K 






■LS 1 ,>• <5U=> 



*o> 



,1* 



Lagoon 

Lamination 

Landforms 

Landslide 

Latent Heal 

Lateral 

Lattcrite 

Law oflcmiting Factors 

Layers 

Leaching of Soil 



fc-l£Jl 5jl>l 

oUJa 

<Ujl)l (Ua-P 
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Liunus 

Lichens 

Light Rays 

Limestone 

Liquid 

Liquidity 

Lilhsphcre 

Lithosol 

Littoral Zone 

Litter 

Loess 

Long Shore Current 

Longitudinal Dunes 



<GLLvX« Ouui 

il>^J> Ajii>Li iik^i 

( l _ r o_yUl) iJly* 4jJ> 
SJ_^L» <LL)j tiLiS 



Magma 

Man Made 

Mass wasting 

Maritime 

Meadows 

Meander Belt 

Meandering 

Meteoric Water 

Monsoon 

Morains 

Mosses 



M 

<w»jl oljL^JI 
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Near Shore 

Normals 

Northern Hemisphere 

Nutrient 



N 



Oak 
Oases 
Obliquely 
Oghord dune 
Open System 
Orbit 

Orbital Motion 
Organic Matter 
Organsms - Micro 
Out Wash Plain 
Out Crop 
Over Grazing 
Over Thrust 
Over turned Fold 
Oxidation 
Ox Bow Lake 



O 



Particles 
Pedestal Rocks 






C/ 4 * f 






p 



olS.la.ll t_jLi»$L» 



o^U.1 oil; U»- 
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Peninsula 

Percolation 

Pcrma Forst 

Pcrmeabile Rock 

Permeability 

Pervious Rock 

Pillar Like Rocky Masses 

PH 

Pinnat Pattern 

Pitting 

Platform 

Playa 

Polar Region 

Polje 

Porosity 

Porosus 

Pol noil 

Pot holling 

Potential Energy 

Precipitation 

Preservation 

Pressure 



JaiL-J 



Quality 

Qiiantity 

Quanlitativc Approqach 

Quarrying 



Q 






J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



R. 



Radial drainage 

Radiation 

Radiant Energy 

Rain Drope 

Recession 

Rectangular 

Reforestation 

Regolith 

Relative 

Relics 

Reptiles 

Reindeer 

Rejuvenation 

Rovers Fault 

Ria 

Ridge 

Rift Valley 

Rip Current 

Rock Sliding 

Rock Fall 

Rodents 



1 .la?... j 



Saltation 
Salt Crust 
Sand Ripples 






YY1 
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Satuation 




Cj^ 


Scree 


\f~ Ji~, j\ «_JLa) »-jjLJI *0 J 


Sediments 


IwW-ljJ 


Sedimentary 


at J^J jh^ 


Semisolid Slate 


(LL/> t—isaj) iJu^ <~i aJLs>— 


Scils 


(iJUj tJj^) aJ^L' aJUj Zjj*' 


Sinkholes 


(oL*Ai) $j_£>- j _pw <_** ^* > - 


Sills 


Sj51p iJL>- 


Slip of slopes 


jLfJ jl r yUM 


Slip face 


jL^Jl <l>- j 


Smog 


OUt^-V 3 


Slump 


*s***" 'J J-* J^ lSj*^° t3 J" „)^' 


Snout 


ijjJbM a^jNI JLpI 


Soil 


*1> 


Spits 


ijdsLiJl ttUI ^ *1>jXai ix-Jl 


Springs 




Strata 


oliJa 


Stratum 


<uLJk» 


Stratigraphy 


CjliJaJl rt-ip 


Stratus 


• 3L5Lis> \^>%^a 


Submerged 


jyJ^ 


Syncline 


yOLA Aj$\ 


Subsoil 


AjjXJI C*^- U» 


Subarctic 


^yJaiJl Oji 


Subtropical 


^jUl bjs 


Surface Roughness 


pxJa^JI Aj »j^a?~ 


Surf Zone 


^■'j-» jh r~5o <UiaX« 




%- . 


YYV 
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Submarine Canyon 



iSs™. £^ 



Tcnperature Inversion 

Terminal Morains 

Terrace 

Terracing 

Terrestrial Radiation 

Troposphere 

Thcrmosphere 

Texture 

Tlnincler Slorm 

Trench 

Turbidity 

Tundra 

Turnadoes 






IjJCJ 
jZ>\!> .ill <*Jup\j& 



Ultra Violet Rays 
Unconsolidated 
Unidirectional Wind 
Under cutting 
Universe 
Uplbld 
Up slope 
Up Stream 
Urban Heal Island 



U 



Jl>-lj ol£l yy» l-f-fri r-Lj 

1 ri ■ .1 ■ ^* t AJ&J 
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Vapour 

Velocity 

Vcgitation 

Vent 

Venti facts 

Vertical Zonalion 

Vertical Erosion 

Volcanoes 

Volume 

Viscousity 

Volcanic Eruptions 



V 






Water Divides 
Water Fall 
Water Vapour 
Westrlies 



w 



pill jl>»J 



Xerophytes 



X 



i_»LbM A*s*£ oIjLJ 



Yarding 
Youth Stage 
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Zonation iiLki 

Zonal Ji\lai 

Zonal Soil iilk; hj 

Zeugcns t ^ r y n ^\ sytUi 
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: Lenghs JI>Ml- ^ 
^ *i , ■ <\ = ^ J — «Jl o» Y , YA = * *eji T"l , i = ^ ^ • • = f \ 

■ *^yi 

. iJtt /ji. oU (1 apL- / *5 , AoV = ^j 4JL>*i1 
.jio ^AYA = ^JL* 1 = i*U!l 

:oU-LJI_Y 

. A*l> jA «U^>JJ , \ & & = y^, \ 

■ gS f^* ^ ■ , A = qja jj> \ 

t^ • , • • • = OUill ,y Y , £V = Jb>-!j jhSO» 

. Volumes m»*J-I - V 

.'Js- ,Y£ = ^ "\. = ^^ ^ M . = ff i^ 



'r- 



YYM 
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massfojjiOibsCM-i 

• Jk> M . o - f Ij*- V - M> f»j*- A* 

: speed ip^Ji.o 

. apL- /(^^ J*.) S02* ^ , <U = <pU /J~. Y,Y£ = aJU/>! 

. iJli /»jl» , YT = S-Jli /**» 
: temperature Sjl^J-l *>-j,s „ 1 
. ^ , A -*- VY - ijUjJ^iJl <>-jJJ! = Sjjill SjljsLl A>-ji 

VY + V X ( hj&\ S -jl_/U Aj>-j^ ) ^ , A = A-XjfJ^iJl Sjl^J-l 4>-_p 

:Air Pressure ^jsM JaJu^Jlj Energy iSlkJI „ V 

= 4jjI_>>- SJ^-j ^y> ojUp jAj Ctilorie Jb-lj <_s •,!_/>- _/w< = Jb-lj Ay? 

. (watt/hour) SpL. /olj Al • — ^ 

iaJwxll Ijm] aJk^UjJJI 5J>-jJ| jL_JIi -WaJLj jLJJU ^ • • = Jb-lj «jb)> 
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* * 

ob_jull_j oljJUl ot o>£ dJUJUj icjUL^I *^. ^ «il!jj a_J j^_ iu. ^^ 

^yi -Co<L_J (^5Ujj i^jLio ^JLp i^-JLli — ^j iji ^ ryX) t Work J « . J Ul t ( _ 

, flrr-A^ - 
' aj^Jj* o! ^Uj i$ JDl Ji-lJl jt J^JJ SJlS3l i^S3l ,y> Enargy iiLt»J(- 

. ujUS^I Jj! y cjjS's ytlaJI ,y fly! ^j-L* • r^l ch'j j^ ^ 
iw. j oJU~j y ^jj ^ ill J^jJl jt JJi_Jjl JLoi" Jii Capacity i>dJLH - 

. ajIIj c~«Jj <Ljw Sjii jJ^j L^S"j>tX ^Aiu SjLaJU t *V^ 

—*»?- i.S'js- iJULj jt JjJl_*j" <xp «rj (^JJI jjjLJI Ji-i Force i$JLil — 



. <U-j<-* 



.v_^MJl ^oi «ljfl it Jbo |»UMl Jl sy^l ilyi jl>^l Jltll J t ^ 

OUy iJUj i^LiVl l-Jjs*. fjUJ ji\ lyi\ Jlc :Friction ^Lti*»^>_ 
pJa-x t^J^ (ij-^v tiN^I Ji — • sliding friction jJ_)dl JjMl i}\_5c_>-^t ^y. 

U iJlSos-^U LJ_y»J aS'j^JJ i»jL2_« t_*w LiT L>4^j iJl&s-l ^J>o i±«>«j (j^jVl 



=S!lk=^- 



rrr 
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rolling gy>-J&\ i3lS^>-Nl Jlill ^Jlj .(jjOivail **jd ^ •>_>£>«•* JJb v^i 
o"5UwjJl Hj^-I J-jo dDiJj t Jit !JLj — ^- c-Jikj *j ^j <• JjVt f-^Jl "jj» Jjl 

. Cojll Ji* J^jj] jjSl . JsUI 01S" »>l cJi UKj ^yluJl l^v^ 

tpliL Ay£\ ^LSxll SkD axe. JyJL^ ^JUlj jL&Nb ^XJl jt *11l J>\ ^l^jJl 
. Jx-» OjjUI Uij j*Sl libs' ^i <JL>t4 Jl Jit iiliS' ^i JU~» 

•y l^b-lj UjjAJ tijL-J ^y-^J jW^' «J^»- ->J (_^^ ! tf*^' tnA irtt( {JmLJ 
UjI_^ ^Uj OL-Sj Trt-w< UjJli i_p-L*_« JlP *il jj| t^j^l Ja*_ vaJl •jj. iwiNl 

^ AVV /»U- Uj— >v> — j J dJLSij .AJ1* ^ • Vo OLS" J>w Ja^wi <jiptj i_vs >>JIj 
^y dUij i^^Aj^Ui ix^il; jUa_p| jS'y J Jsr^- Jij AAV dilS 1 iakj> Jitj 

Lgi^J ^xll A^iJl J>^ J>»j OlS 1 ^! JUt J |^iw» ijAJi^ x S^txiiSJS M 



YVt 



-^8l 
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t\ AJ>y* t i » \ in 1 — 
5i_xA>. _,ji«_v3 ^y> SjLp SjL^d! aljll bj&j ,y>^> «JLu- ^ JN^I * 

<W> jVI S^iJijI c^ 5ij>-j^ oLs«l 4iU» ,0* : JL-k(»jVI i»jljj.| JLiLfcUf — 

.r-"^. ,>• j^-f-* 51 <^j&j * Magma j. ^mir j 9 UmXJ( u»*jraji ». 

_ r fva)l ,j» 4~_~o Jj_)j UXp (_5 All ISX-Jl JU«Sl lf*J»t AjjJbix^ ijjL^S' oLSyij 

^L'j *IL| jU«j iljll .1* ^1 •yj tl^Pjjj 1^*53 buJ dUij iiy_,Nl Squill 
: jijVl 5 > »Li JjLu*I j»9il jL^-aJI ^ 0> 55j ^jj) £Uui*l _ 

oL~~>- l$X* l^JC^j S&ti LfU^J U 5_ r JXw. ^ lib- ^ Uij>-jJ J^" ^1 

j£i ,_,* ik^i sj>ai ^ i^j^j asu i»u> j*^ i : ^j 3 u„ J ^5' v^l *yjj 

■ yj^\ SO>-jj bpliijj ^{JCj L^b-^. J^i» .__>. oUlk j\ Xaj>A 






t 



rr« 
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obijjj Sjj—vai oU-^ ^ IJ_J ^jXjI iicpJ.! JIjjW^iI oli S__v*-«1>UJ« — »jj^SJl 

jl A*«Socjil SilkJl i_Ak>«_jj ivijL^JL* ol^JjJj iJl*- iL ji> oL>-j^ (J| 4_ JtiP 

. \^j\>-jA Jljl»i_j l«>^y <JU^>- ,y fL~>-'Sll ^ iiA-J.1 

. kill ^^J J> Sji^-I ^U*iw.l Uli <uiu : ^L»ji*l ^t-^LUK p. 
jj jj 5iU J-S 01 ii«?- i Sill) Sjlj>. i-^-jJu ia^ji : Emition uiLa-Jiri _ 

. iilkll vl^*J J^iiall jk+a}\ ^ \^jj\y>- 4>- _rp 

•y> cj[*jL>u> £*>■ jp SjLp ; Remote Sensing jum j* jt» »»;,«»¥> ». 
fU_*i)M L^Ls^-j fUjVlj L^iX\ 4_JUaJl *j ^Uj jl~f>- : >-2~«fc! jIjJI — 

a^jJJ (jl-xSl j^>J-lj _^vai^-i ol_p|_>ill *>*>- ^o "L~jJl Jii : <L«I.*m1) — 
wtjllll rt->o- »-~AJ (^J 2 — *U»- (_yftj. L^JJj ,_)/lil) fill; ix^JLa A^-jaJI 0_)J ^ J-^dJ 

. i^L^Jd Sjjill <L~Jl { Js> J-vo>«j \ • • x iiSOl AioJl *jn>" ^jIp 

N olj>ii "yi 1$j l_* ill^i *U (_^> Aj^sxv? i^ j— «-*J UuXXp : jaLoJLttYl _. 
«L>yil JLw^l lJjjuj i l^« jjui ^ L*j-_>** f-l_^fll ^j^j t -r s t**i ^ ^J*-*^ i y 3 ^ 

: Stresses £»)*l+*-)tt _ 
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.jaUj'V aJjU»_» ^J) jj>*+ai\ Jp JaJwaJl •_/=• 7*^J -k».» .j}.\\ Cjtal^>-I - I 



. «L*>*£«- 



gx jji obL^-^i j^ 3 : Shear Stresses ^i obi^i - ^ 

Ifs- «ij j$\j JliJl j* ia^Ul obt$>-Nl ilLb ^ynj JuiJl obL^>-l _ _>• 

1* »Jwal! jU-^- <>J^ L^c-ljJl j^^^o j_px^aUj (.jPx^aJl; f-juU^j Jj ji*i 
-*__£■ j& ^ISo JUiJl oblf_»-^ S-/?L>- LJux—J* iiJlij iwaLill Sjill 

_o (.cj^—'jj ic^y <Sj—*~^ (" J f"^ji 4 ";';■/» a "" ** — ^jIjJJL)) oJ_p-j — <> 

.0-A 
t lik^j> oUl^l J j_px^aJ| J j$£ X JointS 4u j * .,,.< ! , K J**f$iJI — 

Js-Ux^'illj oLAl ^L^ul jjJLp 4p|jj! | _yuu SjJij bj.\ Jj<-a!I i j J^ v-jL^^/I 

tiJJi lS^Jjj t'/.A • 4~~Xj tcJcxi ^iJl •jJjl^CJl Jio L^oj>tP- SiLj JI c<pJj ^ U-i 



=^^ 



Yw 
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*_>-— ^I_^J«_>Jl! i_-^ _pj_-; =L I JaJljiM t MAA c^yiL-ksAo JL_«_>-i Ju_>-1 ( ^ ) 

. jJt^i 'J^"' us* *o*^ <L"!_p ( HA£ ) JU>o> Ot/wj jJL>- ( Y ) 

jb <.il)U— 5* ^yj 4j>_^>-jJ ; L^jJ j_ij _^ j^l 4 MAT J 4>_J C^^^jl—^ ( V ) 

.SyoUJl <.hj*A\ ji^^l 

. Coj>$3l aa/>U- t Co j>5Cl ol^^ 4 HA 1 4 jJlS" Jus-1 JLw*J-l X^ ( I ) 

. ^{jj] cjUJl V'^T l HAT, h_SjJi f^^ 3 Jj^jJI ^ ( ° ) 

. JJLo i •_#-> IjJlj J jN jJl 4 \ 1 1 • i us-jjy ^r**- ^,1^ ( *0 

. Sy^UJl ti^Jj^Jl Lv-^JjJpl 4 H*lA <-bjj>-\j if** tSj**** ( V ) 

4-^lj.S <Uj>- jj^ij^i j-sM iljIjAUaJl 4 \ 1AV 4 (t _JL» i 'J **>x^> (5 (W 5 Ju->»-« ( A ) 

VJ U>dl jjsj i_Jlj^Jl cjUuaJI t \ 1A£ 4 ( 1 ) 

(, Ai-l j ,.,,. ] | <L— >- jJj-ijj-oj—wf 4 \ 11 ^ 4 ( \ • ) 

^ A^»\ ji 4_jJjiJi _^AJ p\j>*+0 4 H 1 Y 4 , 

cul—JujJl 4 \ 1Ao 4 t _ y v='!j i_->lp jj^_4_>^_j i_jj_~j>«_4 (_5^_»v3 JL_»w« Y) 

. Synlill 4 x^jjxJlj yuJJ Siliill _>b 4 i^-jJjijj^jJ-l 
jb t^jMl «j^i a^jJ^j^j^ 4 H\M 4 j*Jl ^1 -jjjJl ^yi.^ ju>^> OY") 

Yn 
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\^>- jJi^j V^j 3 " 'Vj^ 1 ^— "^J Vr^^r' r'^' *■ ^AA t^ijA ^°) 

. sykUll tijyfJl '-.Ag'-li jli loUJlj r-Ull v'j**?" <• ^VV tOjli v-jL-jj ( n) 
ioLk>«ilj jUJl SJIjisf ^ W cv^^^ i5^r^ ^*^J ^ ci*-jj ( W) 

: JJi;i>lfl £*•!>*' : t-£»b 
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.OubLl 4st-Uil JjLo^j XajP Jil SJuJUhX)! AjiySJjJI i~o|jJlHj ijuJaJI iil^juM i—JljJ^I JjUjj 

l$JLe ( _j«j l_u<_Jall \J>\jkJ 7 \ JUiu ^ rt^J^-o 4~«-U L^J\ Lil_ r JJ r l uJUs> ,Ja*J ^1 JL-ljJlll 
,4-juJaJI iJlyii-l O^U«il Ji" ^i i^l-A>*xil Al^tji ^i ivUjJl ri^ljjj 

■WaUL U-gi-vuljj Iv^aIj *>Uaxllj iSlkJI aj^jIo SJ^bw :IjuJI <d^vai i i jLx5sJI IJa l jJ$\Xjj 

jj>t+a i-wljij ^jU-ljJl ^jjll <-^ J> *-""Lp d^-*" i>° t5J^ll i-itAi)l S^lji ^^b-J {*£ 

L^jLj^Ij 1 g t « , ; : W vJuc»- y Li^i&JI oLS'yLl iA-L^j 4-«Jb>«ll L^pI^U L-^jjM o^—^ftJl 

tf—Jii ^J> Ivo-a'I y LgJ LI iu^xS\l)l p-ljijll <U JaJ 4_^ljJu *L*i*'i/l «-« I, g'P i^UJI OljlykUaJlj 

.AjSUI ^jVl ftk^ JlSLil -y. JbJbJl 

i/-LJl JlSwVlj 1$j ikj^l oLJUJIj ^^Nl fckv» J^Swj J-*l jp i »lx5CJI JjL_j Lbjlj 

S./!" J^J^J yjlr'?^ ^-L-»PJ jlg-JVIj r-^UI jjJalj ik^j^ll oLU_*Jlj 4j <^><_ill I Jju L4XP 

. JLSLi! y Lgj iaJy l»j V j>J' ^LJU-Jlj 

c7 ll pIjX— VI Jai- y ojlyU JU_lilj ■Lyi'jVI iJUaJI il_)jw« 4~-ljJj i_jU5GI j^»j-~ *iJUJL5' 

<.wljij t^jlj-J-i O'jJ-l ,_j^ CjLwoVI _/1j t2^_pU_iVl AiLklL p-Uslj j*jLJI «^Apj t -jj-Jajill 
oLJlj ^J-JJL-I oULkJJIj oIIujnJ,! •jji Ji" ^ ^Ul lJl^LaJ! I—Iji i^US3l u) ^>_ r »jj 

.•UijJ^I 

Ujj Aju^aij i^ljij 4ijyu J^Li- ^ (/jjJ-l t-4'>UJI ivuljjJL JjUj v_jb53l IJL* AjL^j ^j 
tjajl Uj[ZiJ <. i yc^y^i\j plllj (^Ijj >5Jl ,c*J t ( wi>j j/l ?r|j 1 L-^jljJi ^i ^w^jJI »j^?L«J U 

.ial^JI oUjJUilj ^^woLaII i ja*ij \*-^ a ^ 1 ^'^^r' 
l^jUJI uU5.ll jla 



